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(57) A level compression and/or gradation conver- 
sion of a color video signal are performed without caus- 
ing any change in the hue of a picture represented by 
the color video signal. The knee compression and/or 
gradation conversion are carried out by multiplying red, 
green and blue primary color signals by a luminance 
gain, while the hue and saturation remain unaffected. If 
the level of any of the primary color signals still exceeds 



a predetermined threshold level, the saturation conver- 
sion is executed by using the saturation gain and the 
luminance signal supplied from a controller. In the sat- 
uration conversion operation, the maximum level of at 
least one of the red, green and blue primary color signals 
is made coincident with the predetermined threshold 
level while the hue and luminance of the picture repre- 
sented by the color video signal are maintained un- 
changed. 
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Description 

Tha present invention relates to a video camera, a method and apparatus for compressing a level, and a method 
and apparatus for converting gradations, of a color video signal. 

Fig. 37A shows an ideal television system 300A consisting of a camera system, a recording system, a transmitting 
system and a receiving system. A picture is obtained by the camera system and sent via the recording system and 
transmitting system to the receiving system including a monitor for viewing, for example. 

In tha television system 300A, incident light of an object, such as a flower tor example, passes through an objective 
lens 301, and is divided into red. green and blue components by a color separation prism 302. Each individual color 
component is then supplied to CCD solid-state image sensors 303R, 303G, 303B. so that a red image, a green image 
and a blue image of the object are obtained. The red, green and blue Innage signals are further supplied to a correlated 
double sampling (CDS) circuit 304 for appropriate processing, such as noise removal, resulting in red, green and blue 
color signals R, G, B. 

Next, the color signals R. G, B outputted from the CDS circuit 304 are amplified in an amplifier 305 and are proc- 
essed by a gamma correction circuit 306 and a signal processing circuit 307. The signal processing circuit 307 performs 
a well-known matrixing operation on the color signals R. G. B to obtain a luminance signal Y, a red color difference 
signal CR and a blue color difference signal CB. A sync signal is then added to the luminance signal Y. while the color 
difference signals CR and CB are modulated and combined to form a carrier color signal C. The luminance signal Y 
and the carrier color signal C are now ready to be recorded, for example, on a Video Tape Recorder (VTR) 308 of the 
recording system. 

For distribution, for example, to a viewing audience via the transmitting system, the luminance signal Y and the 
carrier color signal C are reproduced by the VTR 308 for input to an encoder 309 which forms a video signal SV. The 
video signal SV is modulated in a nrKxiulator 310 to result in an RF signal, which is then transmitted from a transmitting 
antenna 311 . The RF signal received by a receiving antenna 312 of the viewing audience is demodulated in a demod- 
ulator 31 3 such that the video signal SV is recovered. 

The receiving system performs virtually inverse operations with respect to the corresponding operations of the 
transmitting system. Namely, the luminance signal Y and the carrier color signal C are recovered from the video signal 
SV by a decoder 314. Then, the luminance signal Y and the carrier color signal C are supplied to a signal processing 
circuit 315 where the carrier color signal C is demodulated to obtain the color difference signals CR and CB. The 
luminance signal Y and the color difference signals CR. CB are processed to form color signals R, G. B. Thereafter, 
the color signals R, G. B outputted from -the signal processing circuit 315 are supplied to a cathode-ray tube (CRT) 
316, and the picture of the object- in -interest (the flower) is displayed on the CRT 316. 

Although a nonlinear device exists in the signal line of this ideal television system 300 A. namely the CRT as known 
in the art. the entire process starting from the object and ending with the picture display is linear as viewed by the 
audience. This is due to the presence of the gamma correction circuit to compensate for the CRT non-linear operation, 
whereby the picture of the object is accurately reproduced for viewing. 

The television system as described above is an ideal system without any limitations or restrictions. In practice, 
however, the dynamic range of each inr«ge sensor 303R, 303G. 303B is limited. In addition, the recording and trans- 
mitting systems have operational restrictions on signal recording and transmission in order to conform to accepted 
standards. Hence, it is virtually impossible to achieve the configuratkxi of Fig. 37A. The standards imposed on the 
signal recording and transmission are determined to be very restrictive, and therefore adequate measures are needed 
to include a wide dynamic range of the incident natural light within the prescribed range as allowed by the standards. 

For this reason, in a practical television system 300B, a pre-knee circuit 321 is inserted between an amplifier 305 
and a gamma correcting circuit 306 as shown in Fig. 37B. Further, a knee circuit 322 is inserted between the gamma 
correcting circuit 306 and a signal processing circuit 307. This is done to fit the levels of the cokjr signals R, G. B into 
the prescribed range of the standard by providing nonlinear input-output characteristics of the knee circuit. Since the 
signal levels according to the broadcasting standards refer to the color signals R. G, E. it Is possible to conform with 
those standards by processing the color signals directly. In Fig. 37B, any components corresponding to Fig. 37A are 
designated by like reference numerals. 

According to the system of Fig. 37B, the color signals R. G. B are non-linearly processed - each signal being 
processed independently from other signals - without corresponding inverse operations to compensate for this non- 
linear processing. The complementary operatkxis are disrupted between the gamma correcting circuit 305 and the 
gamma characteristk^s of the CRT 316. As a result, luminance and hue of tha picture of the object displayed on the 
CRT are different from the actual luminance and hue of the image of that object as perceived by the human eye. 

Although the knee compression is determined to be the best operation for compressing the dynamic range of the 
inckdent light such that harmful effects are minimized on the object reproduction, a defect due to the knee compression 
occurs making an undesirable change in hue visually perceptible and unpleasant For example, in a person's portrait 
shot in a slightly bright area, the problem occurs making that person look unhealthy with the skin color appearing more 
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yellow than should be. 

A need therefore exists for a method and device that overcome the above disadvantages. 
Illustrative embodiments of the invention described hereinafter seek to provide: 

s a high fidelity reproducible picture shot in bright light with a video camera; 

a better dynamic contrast control in a video camera; 

flare correction of a video picture caused by an excessive luminance level in a video camera; 

a manual control of a saturation level of a color video signal representing a picture generated by the video camera; 

and/or 

10 level compression and gradation conversion of a color video signal without causing any change in hue of a picture 

represented by the cotor video signal. 

Aspects of the invention are specified in the claims to which attention is invited. 

An illustrative method and apparatus according to the invention generates a color video signal formed of a lumi- 
IS nance signal and a chrominance signal, which is defined by hue and saturation components. In accordance with an 
embodiment of the present invention, input three primary color signals having the respective levels and representing 
the color video signal are generated. Compressed three primary color signals are then obtained by compressing the 
respective levels of the input three primary color signals using one compression rate without affecting the hue and 
saturation components. A maximum level detected from the compressed three primary color signals is adjusted when 
20 the detected maximum level exceeds a first predetermined threshold level. The detected maximum level is adjusted 
to substantially coincide with the first predetermined threshold level without affecting the hue component and the lu- 
minance signal. 

In accordance with one form of the invention, the three respective levels are compressed when the luminance 
signal exceeds a second predetermined threshold level. The first predetermined threshold level is selected to be higher 
2S than the second predetermined threshold level. 

In accordance with another form of the invention, the first predetermined threshold level is selected to be higher 
than a maximum signal level established in accordance with a cotor television standard. 

In accordance with yet another form of the invention, the luminance converter means is knee correction means 
for providing a knee characteristic operative on the cotor video signal. 
30 A better understanding of the invention will become readily apparent from the foltowing detailed description thereof 

which is to be read in conjunction with the accompanying drawings, in which: 

Figs. 1 A and 1 B are a block diagram of a video camera according to the first embodiment of the present invention; 
Fig. 2 is a schematic diagram illustrating a spatial pixel staggering method; 
35 Fig. 3 is a block diagram of a luminance conversion calculator; 

Fig. 4 is a block diagram of a saturation conversion calculator 

Figs. 5A. 5B and 5C show frequency characteristics of a tow pass filter (LPF) and an interpolation filter (IPF); 
Figs. 6A to E show the relationship between R, G, B levels and colors; 

Figs. 7D. 7F, 7G show the relationship between G, B levels and cotors, with the luminance knee and saturatfon 
^ knee compression applied to those signals; 

Figs. 8D, 8F, SH show the relationship between R, G. B levels and colors, with the DCC plus feature applied to 
those signals; 

Figs. 9 A to C are diagrams illustrating an adaptive gradation converston with the histogram equalization; 
Figs. 10D to F are diagrams illustrating an adaptive gradation conversion with the histogram equalization; 
45 Figs. 1 1 A and B are a block diagram of a controller; 

Fig. 1 2 shows an example of divided sections in the luminance range; 

Fig. 13 is a diagram illustrating an interpolation calculation to obtain the luminance gain kwl; 

Figs. 14A and 8 are a block diagram of circuits employed in a controller for obtaining a luminance gain kw. a 

saturation gain kc and a luminance Wi; 
so Fig. 15 is a block diagram of circuits employed in the controller for preparing a sequencing table; 

Fig. 16 shows operational steps of the controller for preparing a sequencing table; 

Fig. 1 7 is a diagram illustrating the ALU operation at step 0 for plotting a histogram; 

Fig. 18 is a diagram illustrating the ALU operation at step 1 lor accumulation and normalization operations; 

Fig. 19 is a diagram illustrating the ALU operation at step 2 to iadjust the histogram equatizatksn; 
ss Fig. 20 is a diagram illustrating the ALU operation at step 3 to adjust the histogram equalizatkyi; 

Fig. 21 is a diagram illustrating the ALU operation at step 4 for executing a black code holding process; 

Fig. 22 is a diagram illustrating the ALU operation at step 4 for calculating a peak holding raXto; 

Fig. 23 is a diagram illustrating the ALU operation at step 5 for executing a peak holding process (1 ); 
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Fig. 24 is a diagram illustrating the ALU operation at step 6 for executing a peak holding process (2); 
Figs. 25G, H and I are diagrams illustrating knee compressk>n, white clipping and total gain control; 
Figs. 26J, K, L are diagrams illustrating dh/ision and various other functions carried out to obtain a transfer gain; 
Fig. 27 is a diagram Illustrating the ALU operation at step 7 for executing the knee compression operation (1 ); 
s Fig. 28 is a diagram illustrating the ALU operation at step 8 for executing the knee compression operation (1 ); 

Fig. 29 is a diagram illustrating the ALU operation at step 9 tor executing the knee compression operation (2); 
Fig. 30 is a diagram illustrating the ALU operation at step 10 for executing the knee compression operatkxi (2) 
and a white clipping operation; 

Fig. 31 is a diagram illustrating the ALU operation at step 11 for provkJing the total gain control; 
10 Fig. 32 is a diagram illustrating the ALU operation at step 12 for obtaining a transfer gain; 

Fig. 33 is a diagram illustrating the ALU operation at step 1 3 for executing a time constant operatkxi; 

Fig. 34 is a diagram illustrating the ALU operation at step 14 for executing a time constant operatkxi; 

Fig. 35 is a diagram illustrating the ALU operation at step 1 5 for executing a RAM clearing operation; 
. Fig. 36 is a block diagram showing principal components of a video camera according to the second embodiment 
15 of the present invention; and 

Figs. 37A-1 A-IL B-l, Bll are block diagrams showing ideal and practical television systems of the related art. 

In all Figures, like reference numerals represent the same or kienticat components of the invention. 
Illustrative embodiments of the invention will now be described in detail with reference to the accompanying draw- 
20 ings. 

Fi g. 1 shows a vid eo camera 100 in accordance with the first emtxxJiment of the present invention. A microcomputer 
1 25lunclions asasystem «intrqllerf^^ 

sucFrasaknee pointT^Kne^^^ gain, a t ime ro nstant, a histogram, 

a black coderetcrfor producing a sequencingitabte^ accordance with the present 

25 inventiorvas:wilt :be:exptained hereinbelow.zTo reduce^t^ figure and to facilitate the understanding 

of the present invention, input and output lines of the microcomputer 125 carrying the above-mentioned data signals 
are not shown in Fig. 1 . 

The video camera 100 has a lens block 1 01 : the inckJent tight forming an image of an object-in-interest enters the 
lens block 101 and a coksr separation prism 102 for separating red, green and blue color components of the incident 
30 light These:colpr^ornponents:are^then-fo^ 03R. 
l03Grfl03BJgrobtaini the 
object::lr^lhis^case!;^spatial pixeKstaggering-meth As shown in 

Fig. 2. the innage sensors 103R and 103B are positioned with a horizontal stagger of 1/2~pixel pitch (P/2) with respect 
to the image sensor 103G. Hence, the green signal generated by the image sensor 103G has a 180-degree phase 
35 difference with respect to red and blue signatejfof^enhanc^ 

TheroutputfrdrfvthaimagesensoreTM 
lj ^G.^1 048 for carr ying out correlated d ouble:sampling and level ed 

As known in the art. noise is reduced by the correlated double sampling operation, while the white and/or black balance 

is achieved by the level control. 

40 A-D=iw>h^erters:1G5Rr^l05GH^ 

When supplied from the image sensors 103R. 103G, 1038 at a rate of fsl (such as 14.31818 MHzTfoTexamples, the 

red. green and blue signals are digitized by the A-D converters 105R. 105G, 1058 using the sampling frequency 

substantially the same as the outputjate^fs.1 

Fig. 1 furttier&hows:a:ievel^etector 126 for d 
<5 fromtheA-D^onvwter^^ 

an-trisT^for-exampte? ^ 

A preiprocessing^ircuitH 06 executes varteusimage^proce^^ control 

a^^hadih g/def ect^rrectjonjor^^ 

1058. Next, up-convertersri07Rri07G, 1078 increase the output frequency of the red, green and blue digital data, 
50 respectively, having an in-phasa relationship. The output frequency 2fGl is twice the frequency of the red, green and 
blue digital data outputted from the preprocessing circuit 106. A color correcting circuit 108 performs a linear matrixing 
operation on the red, green and blue digital data outputted from the up-converters 107R, 107G and 1078. In the linear 
matrixing operatkxi. cak;ulations according to expressbn (1) are carried out for improving the reproductkxi of the im- 
ages. In expression (1). ORin. DGin, 08in are input red, green and blue data, respectively; DRout. DGout. DBout are 
55 the corresponding output red, green and blue data; and a - f are predetermined coefficients. 

DRout = DRin + a(DRin-DGin) + b{DRin-D8in) 
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DGout = DGin + c(DGin-DRin) + d(DGin-DBin) 

DBout = DBin + e{DBin-DRin) + f(DBin-DGin) (1 ) 

5 

An image enhancer 109 produces, based on the red and green data DR, DG obtained from the pre-processing 
circuit 106, contour emphasis signals Da and Do to emphasize the contours of the images. In this case, the contour 
emphasis signal Da is operative to emphasize the high frequency area, while the contour emphasis signal DC is op- 
erative to emphasize the low frequency area. 

10 Further, subtracters 11 OR, 11 OG. 1108 subtract a black code BC, which is supplied from the microcomputer 125. 

from the red, green and blue color data outputted from the color correcting circuit 108. Since the black code BC is 
affected by the operations of a luminance conversion calculator 111 and/or a saturation conversion calculator 11 2. the 
black code BC is removed from the digital data prior to those operations. As a result of this subtraction, red. green and 
blue stimulus values R, G, B are obtained. Following the operations of the luminance conversion calculator 111 and/ 

IS or the saturation conversion calculator 112, the black code BC is restored (added) by adders 117R. 117G. 1178. as 

explained below. 

Knee-compressionrDCC~plus-funcUon;iwh 
histograrrvequalizationretc.~ar epe rf ormed-in Ih e'lu^ 
calculator:! l2i^The7luminance"Con^^ 

20 affectin^g^tHehue or saturation componentrof the"&lo"rv^^ 
convers ion c alculator 11 2 is ope raUyatorconverTonh^ 

OTLthe huexomponent. of thejiolor video sigr>aiy/:THese operations wtll-be-explained-th.detatl n ^ 

Conversion of the luminance signal without affecting the hue and saturation components is performed by multiplying 
each of the three stimulus values R, G and B with a luminance gain kw, as shown in expression (2). In this expression. 
25 HI Gi. Bi are stimulus values on the input side, and Ro. Go, 8o are stimulus values on the output side. 



so 



55 



Expressions (3) to (5) describing color signal theory are well own In the art of color television systems. 

W=0.30R+0.59G+0. 1 1 B (3) 

(4) 

B-W 

In the above expressions. W is the luminance signal, and x and y contain only color information independently of 
the luminance signal W. When x = y = 0, the pixel is cok^rless, i.e., gray. The angle of the vector (x, y) represents hue, 
while the magnitude of the vector (x, y) represents saturation of the color signal. 

For determining if the hue and/or saturation components are affected by expression (2), it is substituted into ex- 
pressions (3). (4) and (5) to obtain expressions (6), (7) and (8) as folk^ws: 

W»=kw<0.30Rs + 0,58Gl + 0, 1 IB I) • • • (8) 
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(7) 



— I^WT — 



20 



40 



55 



Wi 

=yi • • • (8) 



Clearly.-onIy.the:luminance signal ischangedtiy^thelur^^ 
(repriBsented:by:theivecLor:(xr-y))"remain unchange^^ 

Based on expression (2). Fig. 3 shows a representative design of the luminance conversion calculator 111 in 
accordance with the present invention. The luminance conversion calculator 111 has muKtpliers 113R, 113G, 113B for 
multiplying the input stimulus values Ri, Gi. Bi by the luminance gain kw to obtain the output stimulus values Ro, Go, Bo. 

Next, the saturation conversion is described. 
, The conversion ol the saturation component without affecting the luminance signal or the hue component is ac- 
complished by executing linear operations of expression (9). Similar to the exemplary designation of variables in the 
above expressions with respect to the luminance conversion, RI, Gi. Bi are the input stimulus values and Ro, Go, Bo 
are the output stimulus values. The saturation gain is denoted by kc. 

/Ro\ /0.30+0.70ke 0.59a-kc) 0.1Kl--kc) \ /Ri\ 
(Go)=(0.a0(I-kc) 0,59+0.-4lkc 0,llCl-kc) ) Cl ) 
\Bo/ \o.30(l-kc) 0.59(l-kc) 0.ll+0.B9kc/\Bf/ 

• • • (9) 

By substituting the Input luminance signal Wi, expression (9) may be rewritten as expressions (10) (11), (12) and 
(13). 

Ro = Wi + kc(Ri-Wi) (1 0) 

Go = Wi + kc(GI-Wi) (11) 
Bo = Wi + kc(Bi-Wt) (12) 

Wi = 0.59GI + 0.30Ri + 0.1181 (13) 

Similar to the above manipulation of expressions with respect to the luminance conversion, expressions (10), (11) 
and (12) are substituted into expressk>ns (3)» (4) and (5) to obtain expressions (14), (15) and (16) for determining if 
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the luminance signal and hue component are affected: 

Wo-0,30(Wi+kc<Rl-Wi)} (Wl+kc (CI+Wi) } 

+O.U{W|+kc(Bj-Wl)) 
"Wl . . - (14) 



20 



2S 



Wi 

Wi 

=kcxi • . • (15) 



Wo 

_ W;+kc(Bg-Wt)-Wt 

W\ ^ 

wi 

=5ccyi • — C18) 

30 

As evident from the above expressions, only the magnitude of the vector (x. y) is aflected, that Is. only saturation 
is changed by the saturation gain kc, while the luminance signal and hue remain unmodified. 

Based on expressions (10). (11) and (12), Fig. 4 shows a representative design of the saturation conversion cal- 
culator 112 in accordance with the present invention. More specifically, the luminance conversion calculator 112 has 

35 subtracters 114R. 11 4G. 114B for subtracting the input luminance signal Wi from the input stimulus values Ri, Gi. Bi. 
Multipliers 11 5R, 115G, 115B multiply the output signals from the subtracters 114R. 114G, 11 4B by the saturation gain 
kc. And adders 116R, 11 6G, 116B add the input luminance signal Wi and the output signals of the multipliers 11 5R. 
1 1 5G, 1 1 5B to obtain the output stimulus values Ro. Go. Bb. 

Continuing with the description of Fig. 1 , the adders 11 7R, n7G. 1 17B add the black code BC and a pedestal level 

•«>" correction value PED, which are supplied from the microcomputer 125, to the red, green and blue stimulus values R, 
G. B. Also added to the stimulus values is the contour emphasis signal Dc. It Is worth noting that the addrtbn of the 
black code BC converts the stimulus values R. G, B back to the actual code values with respect to the anak>g^o-digital 
conversion. Further, the addition of the pedestal level correction value PED provides the proper adjustment of the red, 
green and blue values when the iris (not shown) is closed, that is. the adjustment of the black level. 

^ The code values outputted from the adders 1 1 7R. 1 17G. 1 1 7B are corrected for non-linearity in gamma correcting 

circuits 11 SR. 11 8G, 118B. Thereafter, the contour emphasis signal Da supplied from the image enhancer 109 is added 
to the gamma-corrected code values by the adders 119R, 113G. 11 9B for emphasizing the higher frequency conr>po- 
nents. Further, clipping circuits 120R, 120G. 120B adjust to a fixed level the red, green and blue signals which are then 
supplied to a matrix circuit 1 21 . The luminance data, red color difference data and blue color difference data, generated 

so by the matrix circuit 121, are clipped in the clipping circuits 122Y, 122R. 122B to form luminance data DY. red color 
difference data OCR and blue color difference data DCB. 

As shown in Fig. 1 . low pass fitters 1 23R, 123B limit the bandwidth of the red and blue digital signals, respectively 
outputted from the pre-processing circuit 106. while an interpolation filter 123G generates green digital signal retaining 
in-phase relatbnship with the red and blue signals. Each of the low pass fitters 1 23R, 123B may include a 12221 -type 

ss filter having the frequency characteristic of Fig. 5B. The interpolation filter 1 23G may be a 134431 -type fitter having a 
frequency characteristic of Fig. 5 A. Fig. 5C shows the overall frequency characteristic of the low pass filters 123R. 
1 23B and the interpolation filter 1 23G operable on the luminance signal of the pixel-staggered red, green and blue data. 
Further shown in Fig. 1 is a controller 124 for providing, among other things, the luminance gain kw. which is used 



8 



BP 0 801 509 A2 

in the luminance conversion calculator 111, and also for providing the input luminance signal Wi and the saturation 
gain kc, which are used in the saturation conversion calculator 112. 

Knee compression, DCC plus function, white clipping, flare correction, adaptive gradation conversion with the 
histogram equalization and so forth are carried out In the luminance conversion calculator 111 and in the saturation 
5 conversion calculator 112 based on the luminance gain kw, the input luminance signal WI and the saturation gain kc. 
These operations are described in detail below. 

(1) The knee compression operation 

10 First, the relationship between the levels of primary color signals R, G, B and the level of luminance signal W will 

be described, disregarding all of the nonlinear signal processing operations, such as gamma correction, etc. Fig. 6(a) 
shows exemplary levels representing the gray color, where the level of each primary color signal and (he level of the 
luminance signal W are equal, so that R=G=8=W=1 (see expression (13)). 

In general, with respect to a particular color, the levels of the primary color signals R, G, B are distributed subslan- 

is tially around the level of the luminance signal W. For example, in skin-color pixels, the R, G. B signal levels are dis- 
tributed as shown in Fig. 6(b). Since expression (13) is a first-order equation off the R. G, B variables having positive 
coefficients whose total sum is 1 , at least one of the R, G, B signal levels must be larger than the W signal level, while 
another primary color signaLIeveL(alJeast.orTe) must be snTallerUian the W signal level. 
^VVhej^ersaturaOon^i^^ level 

20 distribuljonofjh^^ 

level of each primary color signal approaches me leveroff th^e^luminance^ignarv^^ iris 
ofjhe camera is opened wider'in thecariwa^ate.6fFig,,6(b), the level distrto the primary poio7 sjgrials R. G, 

B is illus trated in Fig. 6(d). In this case. no change occurs in Iherhuo pr:saturation cpmponents.-while the luminance 
level is iricreasedr;::;^ ~ " 

2S As shown in Fig. 6(d). the R signal level is in excess of a predetermined clip level and is also above the knee point. 

This signal level fails to comply with the specified conditions of the television signal broadcast standard, so that some 
appropriate signal processing is necessary for compressing the R signal level. In the conventional camera system, as 
mentioned above, knee compression is executed for each primary cok>r signal independently of each other to satisfy 
the specified standard. Fig. 6(e) shows the level distribution of the R, G. B signals obtained by independently executing 

30 knee compression in each color signal of Fig. 6(d). 

As^.azr©syit::of;this:knee-compressi6h^^ G, B are adjusted to 

®^*!??yi!iyP®^'®^ of the television si However, by examining the balance of levels 

(^a^ongjih^R. G, B signals in the distribution of Fig. 6(e), it is apparent that this balance differs from the balance off the 
R. G^„signal levels of Fjg^6(d)^Such variation extends to the hue component as well, and consequently, the flesh 

3S coloron a reproduced image is rendered more yisllowthan normal, causing an unnatural (unhealthy) efffect on the image. 
'^To ajleviate this problem, 

the^oTee^compressio^ in two. stages to bring thejexcessfye level in ^y of the:R, G.-B signals 

wj^injhe:specified standard without the accpnnpanied change in the hue and/or saturation cbmpcwi^^^^^ first 
^*^l^t!l^kfn®e compression operation is execmed for the luminance signal if at leasf one primary <^^^ 
excee^a predetermined threshpy level (hereinafter reterre 

slage. Jf the compressed level in any of the pj^ G, B is.still excessive (that is. above the predeter- 

mined threshold level), the s^^^ 

okyevel (hereinafter referred to as a saturatk)n knee operation).-^ operation ensures that the 

color'signafs are in conformance with the specified sigrial broadcasting^tai^ 
^ In the level distribution of the primary cotor signals off Fig. 7(d). the R signal level exceeds the clip level. Fig. 7(f) 

shows an improved distributfon of the R, G, B signal levels following the luminance knee operation. Fig. 7(g) shows a 
further improved distribution of the R. G, B signal levels by performing the saturation knee oporatkxi. 
The detailed description of the luminance and saturation knee operations is as foltews. 

In the luminance knee operation, the knee compression is carried out for the luminance level tn accordance with 
so expression (2). The luminance gain kw is uniquely determined as a ffunction off a preselected knee characteristics (input 
vs. output luminance signal level curve). Considering that the knee cun^e with a zero slope corresponds to a clip, a 
white clipping operation can be similarly perfomied. 

In the saturation knee operation, expressiorts (10), (11) and (12) are performed on the luminance signal Wi and 
the red, green and blue stimulus values Ri, Gi, Bi. To determine the saturation gain kc used in the above expression, 
55 expression (17) is calculated based on a limit value CM off the primary color signal level and the actual maximum level 
MAX of the prirnary color signals. 
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CM-Wi 
'^c"MAX(RLGi.Bi)-Wi 

Hence, due to the luminance and saturation knee operations in the two-stage process as described above, a 
5 satisfactory gradation conversion Is achieved In the high luminance area without changing the hue component or ex- 
ceeding the signal threshold level, as Illustrated in Pig. 7(g). 

Afthough not described above, the saturation conversion calculator 112 shown in Fig. 4 may be enabled to function 
as a knee compression calculator when the knee point and the knee slope are input, instead of the luminance signal 
Wi and the saturation gain kc. Therefore, the conventksnal knee compression for each indivklual color signal can be 
10 selectively realized as well. 

(2) DCC plus function 

Even in the high light area, color can be added by raising the chroma level (the cok>r signal following the I, O matrix 

IS is referred to as chroma). According to the DCC plus function, the red, green and blue signals denrxxlulated In the 
television receiver exceed the prescribed dynamic range, and therefore this mode deviates from the specification of 
the television signal standard. However, since the DCC plus function has an advantage of providing color even in the 
high luminance area and raises no practical problems, it is employed as an optional functk>n principally in cameras for 
commercial use. _ , _ " ^ 

20 Foltowing the gamma correctton, the Joiee compression and white clipping, in order to implement the DCC plus 

f unctkxi. it has been customary to apply theknee compression operation to the luminance signal Y obtained by matrixing- 
the I and Q signals, while the knee compression operation is not applied to the color difference signals. 

However, because of the color difference signals, there exists the following problem. Although the theoretical color 
difference signals have the luminance and color information independent of each other, on the practical side these ^ 

2S signals are inter-related: the color is affected if the luminance signal is changed. Further, since these signals are formed 
through the nonlinear processing operations such as gamma correction, the hue is also affected. The changes in the 
saturation and hue occur for the following reasons. 

Let it be assumed that the post-matrix signals (Y, R-Y. B-Y) are linear signals not processed for the gamma cor- 
rectipri or other non-linear operations. The theoretical signals (Y, R-Y/Y, B-Y/Y) represent the luminance and the cotor 

30 independently. Meanwhile, the signals (Y. R-Y. B-Y) are in such a form that Y affects the color such that the color values 
(R-Y. B-Y) are varied even if the luminance alone is changed while keeping the color (hue, saturation) the same. The 
reason for implementing signals as above (Y, R-Y, B-Y) is due to the fact that division is necessary for obtaining the 
signals (Y R-Y/Y, B-Y/Y), and an adequate circuit configuration to meet the above divisk^n requirement is not readily 
achievable. 

3S For the purpose of realizing the DCC plus function, if knee compressbn is applied only to the luminance signal Y 

alone out of the post-matrix signals (Y. R-Y. B-Y) while the color difference signals R-Y and B-Y are left unchanged, 
the actual color (R-Y/Y. B-Y/Y) is so varied that merely the denominator is reduced. Hence, the saturation is increased 
more than the actual color to consequently render the irr^ge unnatural. It is therefore impossible in such a process to 
lower the knee point sufficiently. And since this process is executed in a practical manner after the nonlinear processes 

"fo such as the gamma correction, the hue is also affected in addition to the saturatbn. 

In the embodiment the channel level limit value CM in expression (17) is set to be higher (for example. 110% of 
the reference white level) while the luminance signal W is kept to a value lower than 110%, In this case, any excessive 
channel level of R, G. B is realized by permitting the limit value CM to be the maximum primary color signal level. . 
Hence, according to the present embodiment, the DCC plus function is realized by executing the above-described 

^ knee compression process with a different threshold level, whereby the hue is retained and the saturation is automat- 
ically adjusted for achieving the highest possible fidelity relative to the original image within this predetermined range. 

In the level distribution of the R. G. 8 signal of Fig. 8(d), the R-channel level exceeds the clip level, as in the 
previous case of Fig. 7(d). Fig. 8(f) shows the improved level distribution of the R. G. B signals obtained by executing 
the luminance knee operation. And Fig. 8(h) shows the improved level distribution of the R, G. B sigr^ls obtained by 

so executing the saturation knee operatbn while setting the channel level limit value CM to be higher than the clip level, 
As shown in Fig. 8(h), the color can be obtained in the high luminance area by raising the channel level limit value CM 
above the clip level while leaving the limit of the luminance signal level unchanged. 

(3) White clipping 

In the prior art, the white clipping operation is performed with respect to each channel level of the signals R. G. B 
independently. Consequently, if the level of any primary color signal reaches the clip level, the relevant channel is 
clipped individually without any conskleration to the level balance of the R, G, B signals. As a result, the hue of the 
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color signal changes. 

In the present ennbodiment, as already described in connection with the knee compression, the white clipping 
operation is performed with respect to the luminance signal, and then any excessive level of the individual primary 
color signals is corrected through the saturation knee process. The satisfactory white clipping operation is attained 
5 without affecting the hue component 

Meanwhile, if the luminance white clip is set to 100%, for example, and the channel level limit value CM to 109%. 
a difference of 9% therebetween can be used for adding color to the high luminance area. Consequently, the afore- 
mentioned DCC plus function is realized without deviation from the specified televlsbn signal standard. And it becomes 
possible to allocate the United dynamic range to the gradation and the color operations. 

10 

(4) Flare correction 

It is known in the art that flare correction is performed by reducing the pedestal level. The color is affected as follows. 
Let it be assumed that certain pixels (Ri. Gi. Bi) have been turned to (Ro. Go, Bo) via the addition of a pedestal 
IS level. Then, expressions (1 8) to <22) are obtained, where Wi denotes the luminance based on the stimulus values Ri, 
Gi, Bi; and Wo denotes the luminance based on the stimulus values Ro. Go, Bo. 



20 



30 



3S 



Wi=0.30Ri+0.59Gi+0.1 1 Bi (18) 

R^=Ri+a (19) 

G^=Gi+a (20) 

B^=Bi+a (21) 

Wo=0,30(Ri+a> +0.S8(Gi+a) +0.11{Bi+a) 
«0.30Ri+0,59Gi+0.li Bj +a 

«Wl + a • • • (22) 



The saturation SATi before addition of the pedestal Is represented by expression (23), and the saturation SATo 
after addition of the pedestal is represented by expression (24). 



oAXi2 ^ Ri-Wi V ^Bi-Wi^2 

SAT. =[^J+(-^J (23) 



SO 



ss 



Setting Wo/Wi = k in the above, expression (24) is rewritten as expression (25). 
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^.-KSATI^ . . . (2S) 

Since SATo > 0 and SATi > 0, It follows tHat SATo = SATi/k. Consequently, the saturation is multiplied by Wi/(WI + 
a) due to the addition of the pedestal. More specifically, the increase of the pedestal level decreases the chroma level, 
whereas the decrease of the pedestal level increases the chroma level. 

Meanwhile, the hue HUEi before addition ol the pedestal level is represented by expression (26). and the hue 
HUEo after the addition of the pedestal level is represented by expression (27). Therefore, the hue is maintained at 
the same level even if the pedestal level is added. 



HUEi=ta.Ti. 



= tan- 



B.-Wi 
Wi 

B?-Wl ^^^^ 



HUBo=tan— 

Ro-Wb 



(27) 



Thus, when the flare correction is performed using the pedestal level, the saturation is increased more than the 
actual value, although the- hue can be retained. 

In view of the above problem, the present embodiment provides the satisfactory flare correction, without affecting 
the color, as follows. By reducing, in expression (2). the luminance gain kw in any gradation region where black floating 
(flare) is induced, the flare correction is achieved. When an adaptive gradation coriversion is executed with the histo- 
gram equali2atk>n. this operation is performed automatfcally to attain the desired correction in accordance with the 
generation of flare, as described below. 

(5) Adaptive gradation conversion with histogram equalization 

For containing an extensive dynamic range of natural light within the specified range of the television signal stand- 
ard, a technique of compressing the high luminance region by knee compression and a technique of correcting the 
black fk^ating induced by the gensratkan of flare are carried out, as mentioned above. 

Further effective compression is executed by compressing, with priority, any gradation region not being currently used 
for the present image. 

Let it be assumed that gradation regions, each having a broad area, are currently being used. The appearance 
frequencies (occurrence) of luminance regions in the picture are detected, and the lumir>ance regrons of the tow ap- 
pearance frequencies (low occurrence) are compressed while the luminance regions of the high appearance frequen- 
cies (high occun-encs) are expanded. Hence, it is rendered possible to realize such a compression that more gradations 
can be allocated to the luminance regions actually present in the picture. 
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Duo to th© above operations, the tollowing effects are achievable. For example, when the histogram is sorted into 
bright regions and dark regions, as in a case where an indoor scene and an outdoor scene coexist or when dark spots 
and bright spots are present in the same picture, it has been unavoidable in the prior art for the dark regions to be 
confused (known as black confuskan). while the bright regions are blurred at excessive levels (known as white blur). 
In contrast, the technk^ue according to the present embodiment enables both dark and bright regions to be reproduced 
properly. Upon occurrence of the black floating with the generatwn of flare, since the black region histogram Is low in 
appearance, this region is compressed and adjusted automatically to an improved picture quality with sufficient differ- 
entiation. And when lighting condition is satisfactory, a sharp picture can be obtained due to the process of allocating 
a greater number of gradations. 

Referring now to Figs. 9 and 10. a description will be given on such adaptive gradation converskjn executed with 
the histogram equalizatkxi. 

Appearance frequencies (in terms of pixels) are represented graphically in a form of a histogram with rectangular 
bars, wherein the luminance and the number of pixels are plotted along the abscissa and the ordinate, respectively 
The largest number of gradations need to be allocated to the highest value regton. Fig. 9(a) shows an exemplary 
histogram in which lighting conditions are relatively good. Any luminance region of the high histogram value can be 
expressed with more gradations by providing a differential gain proportional to the histogram. That is, if the integral of 
the histogram is used as an amplitude transfer characteristic, the differential gain is rendered proportional to the his- 
togram. 

By integrating the appearance frequencies obtained akjng the abscissa, a cumulative frequency distribution is 
obtained. The integral of the pixels in all of the intervals, i.e.. the right shoulder of the cumulative frequency distribution, 
is always equal to the total number of pixels and is therefore constant. Since the histogram value is not rendered 
negative, the curve is always a monotonously increasing one. Fig. 9(b) shows the cumulative frequency distributkxi 
corresponding to the histogram of Fig. 9 (a). In this case, the cumulative frequency distribution is an accumulation of 
histogram values. 

The colleted histogram equalization is achieved by performing luminance conversion with the cumulative frequency 
distribution cun^e employed as an amplitude transfer characteristic, More specifically, the histogram of the processed 
image becomes substantially flat. Although the histogram equalization is executed in a stage following the binary coding 
in an FA (factory automation) sensor camera or the like, it is not preferred in most cases due to the excessive emphasis 
on the audio-visual image. For this reason, there is a procedure for adjusting the efficiency for applying the histogram 
equalization. . 

First, a technique of using a cumulative frequency distribution as the amplitude transfer characteristic is described. 
As mentioned above, the right shoulder of the cumulative frequency distribution is equal to the total number of pixels 
(total number of points used to plot the histogram). This value is normalized to equal the maximum value of the vkieo 
signal codes. A constant for such normalization is determined as the video maximum code divided by the total number 
of pixels. In the example of the video signal represented by 12 bits and the histogram plotted with reference to 188928 
pixels, normalization is executed by multiplying the total cumulative frequency distributkxi by the normalizing constant 
of 4095/1 88928 to consequently form the amplitude transfer characteristic curve. Fig. 9(c) shows the amplitude transfer 
characteristk: obtained by normalizing the cumulative frequency distributran of Fig. 9(b). A broken line in Fig. 9(c) 
denotes an amplitude transfer characteristic in the histogram equalization. 

Next, the applk^ation efficiency of the histogram equalization is adjusted. As shown in Fig. 10(d). the efficiency can 
be adjusted by specifying a ratio between the histogram equalization (solid line a) and the histogram non-equal izatkxi 
(one-dot chained line b). A solid line c in Fig. 10(d) denotes an amplitude transfer characteristic obtained by reducing 
the efficiency factor to one third. 

The operation of the histogram equalizatten relates to the input video signal code. As shown in Fig. 1 0(d). the black 
code BC is affected by this process. Hence, the luminance conversion in accordance with expression (2) must be 
performed on the luminance stimulus value, not on the video signal code, to insure the consistency of the black code. 
For this reason, the process of maintaining the black code is executed by subtracting, from the vWeo signal code, a 
black code offset Bqf in the stage following the adjustment of the histogram equalization in Fig. 10(d). The soVtd line 
c in Fig. 10(e) is the same as the solid line c in Fig. 10(d), and the broken line d in Fig. 10(e) denotes the amplitude 
transfer characteristic after the subtraction of the black code offset Bqf. 

Thus, it is possible to achieve the practical histogram equalization for audio-visual use. The priocess executed up 
to this stage is sufficient to meet the requirements for conforming the input signal with the television broadcast standard. 
However, in the case ot a signal within the camera (that is, so-called intra-camera signals), when knee compression 
is to be performed thereafter, the priority of the high luminance region for the knee compression operation has been 
lowered. Accordingly, all of the code-assigned regkxis relative to the intra-camera signals have the same priority In 
the histogram of Fig. 9(a) for example, the lighting conditkxi seems to be good and the histogram values concentrate 
in the normal light range. In this case, according to the amplitude transfer characteristic denoted by a broken line in 
Fig. 9(c) after the process of the histogram equalizatfon, it is attempted to attain effective utilization of the code regions 
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by extending the histogram values, which concentrate in the normal range, to the entire signal code regions. However, 
since the priority of the high luminance region is lowered as mentioned above, immediate execution of the histogram 
equalization in this state causes the knee compression operation of the satisfactory image obtained under the good 
lighting condition. In other words, with respect to the intra-camera signals, it is not in the best interest to make such 
s an adjustment as to use the entire signal code region. 

Regarding the signal in this example, an improvement of the in^ge quality coinciding with the intention of a carnera 
operator can be attained by executing the histogram equalizatkxi while maintaining the peak value of the present 
brightness. 

In order toaccomplish the above improvement, the level of the input luminance A is held constant by the conversion. 

10 as shown in Fig. 10(f). Consequently, the luminance that may otherwise be knee-compressed against the camera 
operator's intention due to the immediate converskxi to the level pi can be held at the level p2. which corresponds to 
the desired luminance level intended by the camera operator. 

In particular, the following two processes (1 ) and (2) are executed. That is. the process of calculating the conversion 
gain p2/p1 for converting the level of the input luminance A to p2; and the process of multiplying the amplitude transfer 

IS characteristic, which is ohtatned in Fig. 10(e), by the conversion gain thus calculated, However, if a multiplication of 
the signal code by the conversk>n gain is executed immediately, a variation is, caused again in the black code retained 
in the aforementioned black code holding process. Therefore, in this peak holding process, conversion must be per- 
formed on the luminance stimulus value. For this purpose, expression (2B) is carried out, where Win Is the Input lumi- 
nance, Wout is the output luminance, kwh is the conversion gain, and BC is the black code. 

20 

Wout = (WIn-BC) * kwh + BC (2B) 

By observing the amplitude transfer characteristic obtained after the peak holding process and denoted by a solid 
2S line e in Fig. 10(f), despite some restrictions given for retention of the luminance by this holding process, gradations 
conforming with the Histogram are distributed again. 

In any region brighter than the input luminance A, the differential gain tends to decrease in accordance with the 
amplitude transfer characteristic obtained after the black code holding process and denoted by a broken tine d in Fig. 
10(e). However, as obvbus from the histogram of Fig. 9(a) where the high luminance region is less important in this 
30 image, such decrease is adequate. 

Upon completion of the peak holding process as mentioned above, a series of histogram equalization operations 
for the camera is terminated to consequently attain the amplitude transfer characteristic denoted by a solid line e in 
. Fig. 1 0(f). In this embodiment, the luminance conversion according to expression (2) is executed by using the amplitude 
transfer characteristic of the luminance gain kw. whereby the adaptive gradation conversion is realized with histogram 
35 equalization. 

(6) Manual control of saturation 

In expression (17). kc is the saturation gain for regulating the channel level 1. when it has exceeded a specified 
40 value. Meanwhile, kc in expression (9) is the gain for adjusting the saturation in a broader sense. More specifically, 
when kc is set to 1.0. the saturation remains unchanged, but if kc is changisd to 1.2, the color is rendered slightly 
deeper. And if kc is changed to 0.8. the color is rendered somewhat lighter In this manner, a user is enabled, by 
selectively setting the saturation gain, to adjust the color freely based on the circumstances. 

Therefore, according to this embodiment of the present invention, in the saturation knee mode, priority is given to 
45 an operation of regulating the saturation, and in any other mode, the color chromaticity can be adjusted in accordance 
with the saturation gain set by the operator. In order to realize the above, a minimum value Is selected from kc in 
expression (17). designated as ken for adjustment of the saturation. 

Next, a detailed circuit configuration of the controller 124 is shown in Fig. 11 . . 

The controller 124 has a matrix circuit 201 for calculating the luminance signal W according to expression (13) 
so from the red. green and blue data R. G. B outputted from filters 123R. 123G. 123B; a luminance gain generator 202 
for generating the luminance gain kwl which corresponds to the luminance signal W outputted from the matrix circuit 
201 ; an up-converter 203 for obtaining the luminance gain kw having the 2fsl rata by up-converting the luminance 
gain kwl having the fsl rate outputted from the luminance gain generator 202; and a pixel averaging circuit 204 for 
obtaining the luminance signal Wh. which is required for pitting a histogram, by averaging the luminance signal W of 
ss every four or eight pixels outputted from the matrix circuit 201 . 

The luminance gain generator 202 has a RAM (random access menrx^ry) 205 where the luminance gain data 
corresponding to the respective divided sections is stored. According to the present embodiment, a luminance range 
(e.g.. hexadecimal 000 - 3FF) is divided into 61 sections from 0 to 60 as shown in Fig. 12, and the RAM 205 contains 
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a table where the luminance gain data of these 61 sections is stored. The 61 sections are grouped into three regions 
1. 11 and III as shown in Fig. 12. where the fineness values of the sections in the three regions are set to be mutually 
exclusive. For example, each of the sections 0 - 15 in the region I is set to 4/step. each of the sections 16 • 47 in the 
region II is set to 16/step. and each of the sections 48 • 60 in the region til is set to 32/step. It is understood that the 
5 number of the sections and the fineness thereof are not limited to the above examples. 

The luminance gain generator 202 has a section generator 206 aruJ an address generator 207. The section gen- 
erator 206 produces, on the basis of the luminance signal W outputted from the matrix circuit 201 , the section data 
sec-l indicative of one of the 61 sections corresponding to the luminance signal W, and also produces the offset data 
ofsl indicative of the position in the relevant section. The section generator 206 further produces, on the basis of the 

10 luminance signal Wh outputted from the pixel averaging circuit 204, the section data sec-2 indicative of one of the 61 
sections corresponding to the luminance signal Wh. The address generator 207 produces, on the basis of the section 
data sec-1. the read address data sec-d which successively signifies the section indicated by the section data sec-1 
and the preceding section. In this case, when the section data sec-1 indicates the section 0. the address generator 
207 also produces section data sec-0 which signifies that the luminance signal w is in the section 0. 

IS The luminance gain generator 202 further has a switch circuit 206 for selecting either the read address data sec- 

d or read address data rad and then lor supplying the selected data to the RAM 205; and an interpolation calculator 
209 for obtaining a luminance gain kw1, which corresponds to the luminance signal W, by interpolation using the 
luminance gain data qn, qn-1 read from the RAM 205 in response to the read address data sec-d and also by using 
the offset data ofsl outputted from the section generator 206. 

20 The interpolation calculations executed in the interpolation calculator 209 will be described below with reference 

to Fig. 1 3. When the luminance signal W outputted from the matrix circuit 201 is Wa and corresponds to a section n, 
gain data qn and qn-1 of the sections n and n-1 are outputted on the basis of the data sec-d outputted from the address 
generator 207. Let it be assumed that the section n is set to m/step, and a calculation of expression (29) is executed. 
In the interpolation calculator 209, qn is used when n = 0, as the gain data qn-1 in expression (29) according to the 

2S data sec-0 of the section 0 outputted from the address generator 207. 

kw1a=q^,+-2-i^ (29) 

30 

The controller 124 further has a maximum value circuit 210 for extracting the maximum data MAX(R.G.B) from 
the red, green and blue color data R, G. B outputted from the filters 123R, 123G, 1238; and a luminance gain multiplier 
211 for converting the data MAX(R,G,B). extracted by the maximum value circuit 210, and the luminance signal W, 
outputted from the matrix circuit 201. into values corresponding to the stimulus values, and then multiplying the con- 
35 verted values by the luminance gain kwl outputted from the lumiriance gain generator 202. 

The luminance gain multiplier 211 has a switch circuit 212 for selectively providing either the data MAX(R,G,B} or 
the luminance signal W; a subtracter 21 3 for subtracting a black code BC from the output data of the switch circuit 212 
thereby changing the data to a stimulus value; a multiplier 214 for multiptying the output data of the subtracter 21 3 by 
the luminance gain kwl; and a switch circuit 215 for providing, from the output data of the multiplier 214, either data 
^ MAX* obtained through multiplication of the rriaximum of the red, green and blue stimulus values by the gain kwl, or 
data W* obtained through multiplication of the luminance signal W by the gain kwl . 

In this case, the switch circuits 212 and 215 in the luminance gain multiplier 211 are changed cyclically every 1/2 
pixel perkxJ. so that the data MAX(R,G,B) and the luminance signal W are processed sequentially on a pixel-by-pixel 
basis. As a result, merely a single multiplier is sufficient to meet the requirements, thereby realizing the circuit reduction. 
^ Control of the switch circuits 212 and 215 or of the other switch circuits is performed by a sequencer 223. 

The controller 124 further has a saturation gain generator 216 for obtaining a saturation gain according to expres- 
sion (17) from the data MAX* and w* outputted from the luminance gain multiplier 211. This saturation gain generator 
21 6 has a subtracter 217 for subtracting MAX* from W*; a subtracter 218 for subtracting W* from the channel level limit 
value CM supplied by the microcomputer 125; a divkler 219 for dividing the output data of the subtracter 218 by the 
so output data of the subtracter 217; and a minimum value circuit 220 for selecting the smaller one from the saturation 
gain kct outputted from the divider 219 and the saturation gain ken set by the user 

Since expressbn (17) iru:ludes a division operation, there exists a single prohibited point. This point is generated 
when MAX* = W*, i.e.. when the pixel is colorless. The divkler 219 in the saturation gairi generator 216 eliminates it in 
the following manner. When MAX" = W, the process is executed to n^ake kcl = ken If MAX'< CM; or kc1 = 1 .00 if MAK- 
SS CM; or kcl = 0.00 if MAX*> CM. 

The controller 124 further has an up-converter 221 for obtaining the saturatkxi gain kc at the 2fs1 rate by up- 
converting the saturation gain at the fsl rate outputted from the saturation gain generator 216; and. an up-converter 
222 for obtaining the luminance Wi at the 2fs1 rate by up-converting the luminance W* at the fsl rate outputted from 
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the luminance gain muttipfier 211. 

The controller 1 24 further has a sequencer 223 for managing an operation of writing the luminance gain data into 
the RAM 205 to produce a table; a RAM 224 used in producing the table; a switch circuit 225 for selectively extracting 
either the section data sec2 outpuned from the section generator 206 or the address data adr outputted from the 
5 sequencer and then supplying the extracted data to the RAM 224; an arithmelic^oglc unit (ALU) 226 also used in 
producing the table; and a luminance data generator 227 for generating luminance data x from the output address data 
adr of the sequencer 223 and then supptytng the luminance data x to the ALU 226. 

Next, the operation of the controller 124 will be described. ^ 

First, the controller operation for obtaining the luminance gain kw used in the luminance conversion calculator 111 . 
10 and the saturation gain kc and the luminance signal Wl used in the saturation conversion calculator 112 will be de- 
scribed. Fig. 14 shows excerpted components of the controller 124 for obtaining kwi kc and Wi. 

The operation for obtaining the luminance gain kw is performed as follows. The red. green and blue cok>r data R. 
G. B outputted respectively from the filters 123R. 123G. 123B (Fig. 1) are supplied to the nr^trix circuit 201, and the 
luminance W is calculated per pixel The luminance W of each pixel is supplied to the section generator 206 in the 
IS luminance gain generator 202. Then the section generator 206 outputs, per pixel, section data secl indicative of the 
sectwn to which the luminance W belongs, and also offset data ofsl indicative of the positkxi of the luminance W in 
the relevant section. 

The data sec-d. which successively indicate the section of the luminance W and the preceding sectk>n. is outputted 
from the address generator 207 in accordance with the section data sec outputted per pixel from the sectk>n generator 

20 206, and such data sec-d is supplied as read address data to the RAM 205. Therefore, the luminance gain data qn 
and qn-1 corresponding, respectively, to the section of the luminance W and the preceding section are read out from 
the RAM2 per pixel. In the interpolation calculator 209, the interpolation operation is executed (according to expression 
(29)) per pixel by using the gain data qn, qn-1 supplied from the RAM 205 and the offset data olsl supplied from the 
sectk5n generator 206, A luminance gain kwl is thus obtained. Thereafter the obtained luminance gain kwl is converted 

2S by the up-converter 203 into the luminance gain kw at the 2fs1 rale to be used in the luminance conversion calculator 
111. 

The operation for obtaining the saturation gain kc and the luminance Wi is performed in the lollowing manner. The 
red. green and blue color data R. G, B outputted, respectively, from the filters 1 23R, 1 23G. 1 238 per pixel are supplied 
to the maximum value circuit 21 0, where the maximum data MAX(R,G,B) is extracted. The extracted data MAX(R.G. 

50 B) is supplied to the luminance gain multiplier 211 . where the black code BC is subtracted therefrom and the result is 
converted into a stimulus value. The stimulus value is then muftiplied by the luminance gain kwl outputted from the 
luminance gain generator 202 to become data MAX*. Meanwhile, the luminance W outputted per pixel from the matrix 
circuit 201 is supplied to the luminance gain multiplier 211 , where the black code BC is subtracted therefrom and the 
result is converted into a stimulus value. The stimulus value is then multiplied by the luminance gain kwl outputted 

55 from the luminance gain generator 202 to result into data W. 

The data MAX* and W outputted per pixel from the luminance gain multiplier 211 are supplied to the saturation 
gain generator 216, where a saturation gain kcl is calculated per pixel (according to expression (17)) by using the data 
MAX*. W and the channel level limit value CM. Further in the saturation gain generator 216, the smaller value of the 
saturation gain kcl and of the saturation gain ken set by the user is selectively extracted, per pixel, by the minimum 

-«> value circuit 220. And the saturation gain outputted per pixel-trorn the saturation gain generator 216 is converted by 
the up-converter 221 into a saturation gain kc of the 2fs1 rate to be used in the saturation converson calculator 112. 

The data W outputted per pixel from the luminance gain multiplier 211 is converted by the up-converter 222 into 
a luminance Wi at the 2fs1 rate to be used in the saturaton conversion calculator 112. 

Next, the operation to prepare a table by writcng in the RAM 205 the luminance gain data corresponding to the 61 

-^s sections as mentioned above is explained in detail. Fig. 1 5 shows excerpted components of the controller 1 24 related 
to the preparatkx) of the table. The ALU 226 is constituted by those circuits shown in Fig. 15, except the RAM 205, the 
sequencer 223, the RAM 224. the switch circuit 225 and the luminance data generator 227. In particular, the ALU 226 
has switch circuits 230 - 233; clip circuits 234 • 236 for clipping any overflow caused in the cak:ulation: an adder/ 
subtracter 237 serving as an adder or a subtracter; a register 238; a division controller 240; a white clip circuit 241 ; a 

so black code offset register 242 for temporarily storing a black code offset Bqf: a peak holding ratio register 243 for 
temporarily storing a peak hoki ratio; a multiplier 244; and a subtracter 245. 

The RAM 224 functtons as a work RAM. As will be described later, each effective pixel period is taken as a histogram 
in the F)AM 224, and during a vertical blanking interval, the RAM 224 is used for temporary storage of the data being 
calculated. 

ss The operation for preparing the table is managed by the sequencer 223 and is performed sequentially in the order 

of steps 0-15 shown in Fig. 16. The sequencer 223 is at step 0 during the effective pixel period, and the external 
circuits are preparing a histogram at this time. 

Upon advance to the vertical blanking interval, the sequencer 223 proceeds to step 1 where sequences 0 - 7 are 
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repealed while addresses are changed from 0 to 60, and subsequently steps 2 - 15 are executed in the same manner 
to prepare a sequencing table. In this operation, sequences 0 - Tare executed successively at the fsl rate (horizontal 
driving frequency of image sensors lOSR. 103G, 103B). 

At step 12, the sequencer 223 starts a division sub-sequencer (divstart) in sequence 2 to execute division, then 
stops once (stop) in sequence 3. and waits for termination of the division sub-sequencer. 

At step 3, when the luminance range includes a black code (adr = biksec). a write enable signal is outputted (bikwr) 
in sequence 3 to the register 242 to store the black code offset Bqf used for the black code retention (Fig. 10(e)) in 
the aforementioned process of the adaptive gradatfon conversion with the histogram equalization. 

At step 4, when the luminance is in the luminance range A where the peak is to be held (adr = hidsec), a calculatksn 
is made to obtain a conversion ratio Khold for executing the peak hokJing process (Fig. 10(f)) in the adaptive gradation 
conversion with the histogram equalization. Since a division is also included in this operation, the sequencer 223 reads 
the RAM 224 (memrd) in sequence 4, then starts the division sub-sequencer (divstart) in sequence 5 and. after stopping 
once (stop) in sequence 6. waits for the termination ot the division sequencer Thereafter the conversion ratio Khold 
is stored in the register 243 (hidwr) in sequence 7. 

Hereinafter an explanation will be given with regard to the process of preparing the table at steps 0 - 1 5 in Fig. 16. 

(1) Step 0: Histogram ptotling (See Fig. 9(a)) 

Step 0 is executed during the effective pixel perkxJ, and a histogram table is prepared in the RAM 224 at this step. 
Only during this period, the section data sec2 conforming to the luminance value in the relevant pixel is given as address 
data to the RAM 224. A numerical value 1 is added, by the adder 237 in the ALU 226, to the present histogram value 
in the address corresponding to the section data sec2, and the result of such addition is stored in the same address 
again in the RAM 224. Consequently, the histogram value Is incremented in accordance with, expression (30). where 
RAMI out is the output data from the RAM 224, and RAMI in is the input data to the RAM 224. 

RAMI in = RAMI out + 1 (30) 

A histogram table representing the relevant field is prepared in the RAM 224 by repeating the above process with 
regard to eveiy section data sec2 outputted from the section generator 206 (Fig. 11) during the effective pixel period. 

Fig. 17 shows the operation of the ALU 226 during the plotting of the histogram at step 0. wherein related signal 
paths are denoted by broken lines. This applies also to the diagrams showing the operations at subsequent steps. In 
this case, the adder/subtracter 237 in the ALU 226 serves as an adder. 

(2) Step 1 ; Accumulation and normalization (See Fig. 9 (b) and (c)) 

The operatton subsequent to step 1 is performed during the vertical blanking interval. Address data adr is supplied 
from the sequencer 223 to the RAM 224. At step 1 . the accumulation and normalization of the histogram are executed 
to convert the same into a normalized cumulative frequency table. Accumulation is executed by the register 238 in the 
ALU 226. untiKthe relevant section is multiplied by a normalizing constant KCCD in the multiplier 244, and the result 
of such multiplication is stored in the RAM 224 again. The above process is expressed by expressions (31 ) and (32). 

Regin = Regout + RAMI out (31) 



RAM 1 in = Regout * KCCD (32) 

In the above equations, Regout is the output data from the register 238. and the Regin is the input data to the 
register.238. At step 1 shown in Fig. 16. 'memrd" stands for read from the RAM 224. Vegwr* for write in the register 
238, and 'memwr' for write in the RAM 224. This nomenclature also applies to the subsequent steps. However, 'memrd' 
at steps 1 3 and 1 4 stands for read from the RAMs 224 and 205, and Imemwr" at step 1 4 stands for write in the RAM 205. 

Fig. 18 shows the operation of the ALU 226 performed tor accumulation and nornrralization at step 1. The adder/ 
subtracter 237 in the ALU 226 serves as an adder. In this case, since the differential gain in the amplitude transfer 
characteristic rises in accordance with the increase of the histogram value, the clip circuit 234 is operative to prevent 
any excessive rise of the gain. 

In sequence 6 at step 1 . the histogram outputted from the RAM 224 as will be described later is stored in a register 
of a histogram data report circuit. 
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(3) Steps 2 and 3: Adjustment of the histogram equalization (See Fig, 10(d)) 

At steps 2 and 3. the histogram equalization is adjusted. More specifically, the degree of histogram equalization 
is designated as Kwc. and calculations of expressions (33) and (34) are executed. 

Regln = FWy/11out-x (33) 



RAMI in = Regout*Kwc +x (34) 

When Kwc is set to 1.00, the complete histogram equalization is performed. But when Kwc is changed to 0.00. 
the histogram equalization is not performed. In the above equations, x signifies the luminance data generated in the 
luminance generator 227 corresponding to the respective section. This luminance data is obtained without any con- 
version, and when Kwc is 0.00, x becomes RAMIout. 

Fig. 19 shows the operation of the ALU 226 during the adjustment ol the histogram equalization at step 2. The 
calculation of expression (33) is executed at this step 2. Accordingly, the adder/subtracter 237 in the ALU 226 serves 
as a subtracter. And Fig. 20 shows the operation of the ALU 226 during the adjustment of the histogram equalization 
at step 3. The calculation of expression (34) is executed at step 3. Accordingly, the adder/subtracter 237 in the ALU 
226 serves as an adder. 

(4) Step 4: Black code holding process (See Fig. 10 (e)) 

At step 4, the black code holding process is performed to remove the black code offset Bqf- At this step, the black 
level offset Bqf. which is the difference between x and the table value after adjustment such as the histogram equal- 
ization in the black-code including section (adr = biksec). is retained in the register 242. Then, this offset is subtracted 
from the table in all of the sections, whereby the table value in the black-code including section is equalized to x. 
Removal of the black level offset Bqf can be realized, during execution of the calculation according to expression (34) 
at step 3. by storing REGout*Kwc in the register 242 in parallel with such calculation. The operatksn for subtracting the 
black level offset Bqp from the table is based on a calculation of expression (35). 

RAMI in - RAMlout-BQp (35) 

Fig. 21 shows the operation of the ALU 226 performed in the black code holding process at step 4. The calculation 
of expression (35) is executed at this step. Accordingly, the adder/subtracter 237 in the ALU 226 serves as a subtracter. 

(5) Steps 5 and 6: Peak holding process (See Fig. 10(f)). 

r 

At steps 5 and 6. the peak holding process is executed. Although not mentioned above, at step 4. a peak hokj 
ratio Khold is calculated through drvisbn of the conversk>n result pi in the luminance range A to be fixed and the value 
x obtained without conversbn. This peak hold ratio Khold is stored in the register 236. That is, at step 4. a calculation 
of expression (36) is executed in the sectkxi of the luminance range A (adr = hidsec). whereby the hold ratio Khoki is 
obtained. 



Khold = (x - BC) / (RAMIout - BC) (36) 

In general, division is expressed by an equatwn b / a = c where notations b, a and c denote a numerator, a de- 
nominator and a ratio respectively. The equation can be modified into another form of equation b = (a X c). That is to 
say. the rrxxJified equation can be used to cateulate the ratio c by finding a number x (the denominator a in the modified 
equation) which gives a product equal to the numerator b when multiplied by the denominator a In order to find the 
ratio c, the number x is sequentially changed so that it finally converges to the ratio c. For example, tf the ratio c is to 
be found as n-bil data, the number x is also treated as n-bil data. The number x is confirmed bit after bit, starting with 
its most significant bit (MSB) so that the product (a X x) does not exceed the numerator b. The data x with the n bits 
thereof finally confirmed is taken as the ratio c being found. 

As an example, assume that the numerator b is 1010 and the denominator a is 111. Let division processing be 
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carried out to find the ratio c as 4-bit data where the number 4- is derived from the second power of the number 2. 
Consider the 4-bit data x = (b3, b2. b1. bO] as data for finding the ratio c. First of all, the most significant bit b3 is 
confirmed by first setting b3 = 1 and b2 = b1 = bO = 0. Then, the product (a X x) is compared with the numerator b. 
since the product (a X x) which is equal to 111 0 is greater than the numerator b, the most significant bit b3 is confirmed 
to be 0. Next, the bit b2 is confirmed by first setting b3 = 0. b2 = 1 and b1 = bO = 0. Then, the product (a x x) is again 
compared with the numerator b. Since the product (a x x) which is now equal to 0111 is smaller than the numerator 
b, the bit b2 is confirmed to be 1, Next, the bit bl is confimied by first setting b3 = 0, b2 = 1. b1 =1 and bO = 0. Then, 
the product (a x x) is again compared with the numerator b. Since the product (a x x) which is now equal to 1.010.1 
is greater than the numerator b. the bit bl is confirmed to be 0. FinalJy, the bit bO is confirmed by first setting b3 = 0, 
b2 = 1 . bl = 0 and bO = 1 . Then, the product (a x x) is again compared with the numerator b. Since the product (a x 
x) which is now equal to 1000.11 is smaller than the numerator b. the bit bO is confirmed to bo 1. Accordingly, the ratio 
c is found to be 01 .01 . 

Fig. 22 is a diagram showing operations carrier out by the ALU 226 to calculate the peak-retention ratio at a step 
4. As shown in the figure, the peak-retention ratio is calculated by division. In the operations, a subtractor/^dder 237 
of the ALU 226 functions as a subtracter. 

In this case, luminance data x for a perkxj including luminance A is output by a luminance-data generator 227. A 
black code BC is subtracted from the luminance data x by a subtractor 255. The result of the subtraction (x - BC) is 
supplied to a comparator 239. In the mean time, luminance data RAMI out for a perkxJ including the luminance A is 
read out from a RAM unit 224. Likewise, the black code BC is subtracted Irom the luminance data RAM lout by the 
adder/subtracter 237. The result of the subtraction (RAM lout - BC) is supplied to a muitiplier 244. In the multiplier 244, 
the data output by the adder/subtractor 237, that is, the result of the subtraction (RAMIoul - BC) is multiplied by data 
of typically 12 bits, b(1l) to b(0) stored in a register 238. The product output by the multiplier 244 is supplied to the 
comparator 239. The comparator 239 compares the subtraction result (x - BC) output by the subtracter 255 with the 
product output by the multiplier 244. The outcome of the comparison is supplied to a division controller 240. 

In this state, based on the control exercised by a sequencer 223. the division controller 240 initially clears the 
contents of the register 238 by setting the bits b(11) to b{0) = 0. Then, the MSB b{11) is first set to M". Subsequently, 
based on the outcome of the comparison output by the comparator 239, the division controller 240 confirms the value 
of. the MSB b(11). To be more specific, if the product data output by the multiplier 244 is greater than the subtractk>n 
result (x - BC). the MSB b(1 1 ) is reset to "O". If product data output by the multiplier 244 is equal to or smaller than the 
subtraction result (x - BC). on the other hand, the MSB b(11) is kept at "I" as it is. Thereafter, the diviskjn controller 
240 first sets the remaining bits b(10) to b(0) to "1" and then confirms the bits sequentially one after another in the 
same way as the MSB b(11). Then, the data with the 12 confirmed bits b(11) to b(0) is transferred from the register 
. 238 to a register 243* to be stored therein as the peak-retention ratio Khold. 

Subsequently the table is multiplied by the hold ratio KhokJ. Since it is necessary to maintain the black level, 
calculations of expressions (37) and (38) are executed. 

Regin = RAM lout - BC (37) 

RAMI in = Regout*Khold + BC (38) 

Fig. 23 shows the operation of the ALU 226 performed in the peak holding process (1) at step 5. The calculation 
of expression (37) is performed at this step. Accordingly, the, adder/subtracter 237 in the ALU 226 serves as a sub- 
tracter. And Fig. 24 shows the operatton of the ALU 226 performed in the peak holding process (2) at step 6. The 
addrtton operatton In expresskxi (38) is also executed at this step. Accordingly the adder/subtracter 237 in the ALU 
226 serves as an adder. 

(6) Steps 7 and 8: Knee compression (1 ) (See Fig. 25 (g)) 

At steps 7 and 8, a first stage of the knee compression operation is executed. That is. the table for carrying out 
knee compression is prepared. The process of applying the knee to the level table is executed according to the calcu- 
lattons of expressions (39) to (42), wherein Kp and Ks signify a knee point and a knee slope respectively In the first 
stage of the knee compresskxi operatkjn, the values are so set as to satisfy the conditions of Kp = Kpl and Ks = Ksl , 

When 



RAMIout^Kp, 
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Begin = RAM lout - Kp 



(39) 



RAMI in - R0gout*Ks + Kp 



(40) 



When 



RAM1oul<Kp, 



Regin = RAMlout - Kp 



(41) 



RAMI .n = Regoun.OO + Kp 



(42) 



Fig. 27 shows the operation of the ALU 226 performed in the first stage of the knee connpression operation at step 
7. The calculations of expressions (39) and (40) or expressions (41 ) and (42) are executed at step 7 with the exception 
of the Kp addition. Accordingly, the adder/subtracter 237 in the ALU 226 serves as a subtracter. And Fig. 28 shows 
the operation of the ALU 226 performed in the first stage of the knee compresskxi operation at step 8. The renriaining 
calculation of the Kp addition is executed at step 8. Accordingly, the adder/subtracter 237 in the ALU 226 serves as 
an adder. 

(7) Steps 9 and 10: Knee compression (2) and white clipping (See Fig. 25 (h)) 

At steps 9 and 10, the second stage of the knee compression and white clipping operations are executed. The 
process of applying the knee to the level table is executed according to the calculations of expressions (39) to (42), 
similar to the first stage of the knee compression operations. In this second stage, the values are set to satisfy the 
conditions of Kp = Kp2 and Ks = Ks2. However, due to applicatkxi of the knee twice in this case, the skspe of the last 
knee curve becomes Ksl *Ks2. The broken knee lino is rounded off by such two-stage application of the knee com- 
pression operation. 

White clipping is executed as the data of the white clip level is supplied from the microcomputer 125 to the white 
clip circuit 241 in step 10. The white clip circuit 241 does not function at any other step. 

Fig. 29 shows the operation of the ALU 226 performed in the second stage of the knee compression and white 
clipping operations at step 9. The calculations of expressions (39) and (40) or expressions (41 ) and (42) are executed 
at step 9 with the exception of the Kp addition. Accordingly, the adder/subtracter 237 in the ALU 226 sen/es as a 
subtracter. And Fig. 30 shows the operation of the ALU 226 performed in the second stage of the knee compression 
and white clipping operations at step 10. The remaining calculation of the Kp addition is executed at step 10. Accord- 
ingly, the adder/subtracter 237 in the ALU 226 sen/es as an adder. 

(8) Step 11: Total gain control (See Fig. 25(i)) 

At step 1 1 , total gain control is performed by multiplying the level table by the total gain (Gain). The calculations 
are executed on the basis of expressions (43) and (44). 



Fig. 31 shows the operation of the ALU 226 in the total gain control at step 11. Expressions (43) and (44) are, 
executed at step 11 with the exception of the BC additkxi. Accordingly, the adder/subtracter 237 in the ALU 226 serves 
as a subtracter. The remaining calculation of the BC addition can be omitted as will be described in the next item (9) . 
below. 



Regin = FlAMIout - BC 



(43) 



RAMI in - Regout*Gain + BC 



(44) 
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(9) Step 12: Division for obtaining the transfer gain (See Fig. 26 (k)) 

At step 12, division is executed for converting the level table into another table of Kw which represents the gain, 
as shown in Fig. 26 Q). For example, in a luminance region denoted by a vertical broken line in Fig. 26(j). a calculation 
s has to be performed to obtain a proper gain for converting the level a to the level b. Prior to the calculation in the 
luminance conversion calculator 11 1 , as shown in Fig. 1 , the black code BC is subtracted from the red, green and blue 
color data in the subtracters 110R, 110G, 11 OB respectively, and the code iscori^verted into astirriulus value. Therefore, 
the gain obtained by the division needs to be for the stimulus value. For this purpose, the calcutatksn of expresston 
(45) is executed for conversion into a gain table. 

10 

RAMlout = (RAMI out -BC)/(x-BC) (45) 

In the numerator of expression (45). the black code BC is subtracted from the result obtained by the addition o( 
IS the black code BC in expression (44). Therefore, such operation can be omitted since it is redundant. In this case, 
expressions (44) and (45) are rewritten as expressions (46) and (47). respectively. 

HAM1 in = Regout*Gatn (46) 

20 

RAiVII in = RAMI out/(x - BC) (47) 

A conversion table in the present field is prepared in the manner as mentioned above. However, if this table is 

25 used directly for the conversion in the next field, some undesirable effects including flicker and so forth may be induced. 
In order to eliminate this problem, a hysteresis calculation is executed between the conversion table in the preceding 
field and the one in the present field so that the table can be updated with a time constant. 

Fig. 32 is a diagram showing operations carried out by the ALU 226 to accomplish division for obtaining a transfer 
gain at a step 1 2. By carrying out division similar to the processing for finding the peak-retention ratio described above, 

30 a transfer gain for luminance zones 0 to 60 is found. At the step 12. processing based On Eq. (47) is carried out. 

First of all, the sequencer 223 outputs address data adr for the luminance zone 0. The address data adr indicates 
an address at which luminance data RAMI out for a period of the luminance zone 0 is read out from the RAM unit 224. 
The luminance data RAMI out is supplied to the comparator 239. In the mean time, luminance data x for a perkxl of 
the lumln£mce zone 0 is output by the luminance -data generator 227. The black code BC is subtracted from the lumi- 

3S nance data x by a subtracter 255. The result of the subtraction (x - BC) is supplied to the multiplier 244. In the multiplier 
244; the data output by the subtractor 255, that is. the result of the subtraction (x • BC) is multiplied by data of typically 
1 2 bits b(11 ) to b(0) stored in a register 238. The product outlet by the multiplier 244 is supplied to the comparator 239. 
The comparator 239 compares luminance data RAMI out read out from the RAM unit 224 with the product output by 
the multiplier 244. The outcome of the comparison is supplied to the division controller 240. 

^ In this state, based on the control exercised by the sequencer 223, the division controller 240 initially clears the 

contents of the register 238 by setting the bits b(11) to b(0) = 0. Then, the MSB b(11) is first set to "1 Subsequently, 
based on the outcome of the comparison output by the comparator 239, the division controller 240 confirms the value 
of the MSB b(11). To be more specific, if the product data output by the multiplier 244 is greater than the lurnlnance 
data RAM lout, the MSB b(1 1 ) is reset to *0'. If product data output by the multiplier 244 is equal to or smaller than the 

45 luminance data RAMI out, on the other hand, the MSB b(11) is kept at 'V as it is. Thereafter, the divisksn controller 
240 first sets the remaining bits b(10) to b(0) to *1' and then confirms the bits sequentially one after another in the 
same way as the MSB b(11). Then, the data with the 12 confirmed bits b(11) to b(0) is stored in the RAM unit 224 as 
the transfer gain RAMI in for the luminance zone 0. 

Thereafter, the sequencer 223 outputs address data adr for the luminance zones 1 to 60 sequentially one zone 

so after another. The division controller 240 operates to carry out divisions in the same way as the one performed for the 
lumimance zone 0. The transfer gain for each of the luminance zones 1 to 60 is thereby found and stored in the RAM 
unit 224. 

(10) Steps 1 3 and 14: Time constant process (LPF) (See Fig. 26(1)) 

55 

At steps 13 and 14. an operation is executed to update the table with a time constant. The result is written in the 
RAM 205 as the final table which is referred to at the time of actually converting the input picture. For this reason, the 
calculations of expressions (48) and (49) are carried out. 
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Regin - RAMI out - RAM2oLit 



(46) 



5 



RAM2in = RegourKy + RAM2oLrt 



(49) 



In expression (49), Kj is the time constant. The left side of this equation is expressed as RAM2in lor the reason 
mentioned above. Here, RAM2oul stands lor the output data from the RAM 205. arid RAM2in for the input data io the 
RAM 205. 

The transfer function of this LPF calculation is expressed as expression (50) below. The sampling frequency in 
expression (50) is a field frequency. 



The final table is thus prepared in the RAM 205. 

Fig. 33 shows the operation of the ALU 226 performed in the time constant operation at step 1 3. The calculations 
of expressions (48) and (49) are executed at this step with the exception of the RAm2out addition. Accordingly, the 
adder/subtracter in the ALU 226 serves as a subtracter. Fig. 34 shows the operation of the ALU 226 performed in the 
^ time constant process at step 14. The remaining calculation of the RAM2out addition is executed at this step. Accord- 
ingly, the adder/subtracter in the ALU 226 senses as an adder. 

(11 ) Step 1 5: RAM clearing process. 

At step 15, the RAM 224 is cleared to be ready for the next histogram during the effective pixel period in the next 
field. Fig. 35 shows the operation of the ALU 226 performed during the RAM 224 clearing operation at step 15. 

As described above, according to one embodiment of the present invention as shown in Fig. 1 , the knee compres- 
sion operation includes the luminance knee operation to execute the knee compression of the luminance level, and 
the saturation knee compression to reduce the saturation when an excessive level of any primary color signal still exists 
^ even after the luminance knee operation. The signal level is thus made to conform to the specified standard. It becomes 
possible to compress any high luminance portion property while maintaining the hue unchanged and eliminating any 
excessive signal level. 

Further description of the knee compression operation and various knee compression techniques may be found 
in two co-pending United States Patent applications Serial No. 08/574.520 and 08/600,688 (attorney docket No. 
450100-3370 and 450100-3447. respectively), incorporated herein by reference. 

The first embodiment includes the OCC plus function to add cok>r in high luminance regions by setting the channel 
level limit value CM to. e.g.. more than 110% in the saturation knee process to alleviate the restrictions on the channel 
level. Therefore, it becomes possible to advantageously obtain the satisfactory color in high luminance regions without 
changing the hue. 

^ Also In the first embodiment, when any chanriel level ts still excessive after the white clipping operation of the 

luminance signal, the saturation knee process is executed to adjust such a level. Consequently the white clipping 

operation can be performed without changing the hue. 

Further in the fir^t embodiment, flare is corrected under such control as to decrease the luminance gain kw in any 

gradation region where the black floating is induced, so that the proper flare correction can be realized without affecting 
^ the color. In the first embodiment, such flare correction is perfonned autonr^tk;ally by the adaptive gradatk)n conversksn 

with the histogram equalizatnn. hence attaining an advantage that a required correction is executed when the flare 

occurs. 

Further in the first embodiment where the adaptive gradation conversion with the histogram equalization is exe- 
cuted on the luminance level, any gradation regions not being currently used are compressed with prksrity to conse- 
^ quently attain effective use of the dynamk: range. In this case, the histogram equalizatkx) can be adjusted by specifying 
the equalization strength Kwc (see expression (34) and Pig. 1 0(d)) to realize the proper adaptive gradation converskyi 
with the optimum histogram equalizatk>n. And in a stage subsequent to the adjustment of the histogram equalization, 
the black code offset Bqp is subtracted and then the black code holding process is executed (see Fig. 1 0(e)). Therefore, 
the consistency of the black code can be er^sured to consequently achieve the satisfactory luminance conversion 
calculation in the luminance conversion calculator 11 1 carried out on the stimulus value. Moreover, after the termination 
of the black code holding process, the peak holding process is executed so that the level of the input luminartce A may 
not be changed despite the conversion (see Fig. 10(f)). As a result, when lighting condition is good for example, and 



G(2) = K^1-(1-Kt)z 



■1 



(50) 



1$ 
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the histogram value of any section of a normal light amount is excellent, H is rendered possible, by holding the luminance 
level of the relevant section, to prevent a disadvantage that the video signal in the relevant section is knee-compressed. 

If any channel level is excessive even after the adaptive gradation conversion with the histogram equalization 
performed on the luminance level, the saturation knee operation is executed to make a proper adjustment, whereby 
s the adaptive gradation conversion with the histogram equalization can be carried out without changing the hue. 

Further in the first embodiment, a user is enabled to set the saturation gain ken to a desired value and. although 
the priority is given to the operation of reducing the saturation by the saturation knee operation, the saturation can be 
freely adjusted according to the saturation gain ken set by the user. 

In the first embodiment of Fig. 1 , the controller 1 24 is operative to minimize the delay in the circuits relevant to the 
10 calculations of the luminance gain kw and the saturation gain kc, wherein data W and MAX* for obtaining the saturation 
gain kc are calculated by multiplying the luminance gain kwl by the luminance W and MAX(aG.B). The reason for 
minimizing the delay in the relevant circuits is as follows: since the main system passing signals through the color 
correcting circuit 108 and the system including the image enhancer 109 exist in parallel with each other; the respective 
overall delays therein should be identical. If the delay in the system tor obtaining kw and kc is greater! a delay circuit 
IS needs to be inserted in the other system to maintain the exact timing. 

Fig. 36 shows principal components of a video camera 100A representing a second embodiment of the present 
Invention. In this embodiment, apart from the above-described problem of the delay, a luminance conversion calculation 
is first executed, and then the luminance signal Wl and a saturation gain kc to be used in the saturation conversion 
calculation are obtained from the foregoing luminance calculations. In Fig. 36, any componenis corresponding to those 
20 in Fig. 1 are denoted by like reference numerals, and a detailed explanation thereof is omitted. 

In the video camera 1G0A shown in Fig. 36. red. green and blue color data at the 2fs1 rate outputted from up- 
converters 107R, 107G. 107B are supplied to a luminance conversion controller 124a. The luminance gain kw to be 
used in the luminance converskxi calculator 111 is generated by circuits in this controller 124a which correspond to 
the matrix circuit 201 and the luminance gain generator 202 in Fig. 11. Then red, green and blue stimulus values 
2S outputted from the luminance conversion calculator 111 are supplied to a saturation conversion controller 124b. And 
subsequently the 'luminance signal Wi and the saturation gain kc to be used in a saturation conversion calculator 112 
are generated by circuits corresponding to the matrix circuit 201. the maximum value circuit 210 and the saturatkin 
gain generator 216 in Fig. 11. 

Although not mentioned above, it is in the foltowing two cases (1) and (2) that problems may arise due to the 
30 adaptive gradation conversion with the histogram equalization. 

(1) When histogram values concentrate in specific luminance regions, particularly in dark portions. 

(2) When lighting condition is good and the histograms values are mostly in a normal light range. 

35 In the case when the histogram values concentrate in specific regions, the differential gain is increased extremely 

and therefore the S/N may be impaired. When the iris is closed, the gain is increased in the vicinity of black where the 
condition is the nrxjst severe for a video camera, so that the picture quality is deteriorated. In order to eliminate this 
problem, the microcomputer 1 25 acquires information on the luminance regions where the histogram values concen- 
trate, and then reduces the strength Kwc of the histogram equalization. If the luminance regions, where the histogram 
^ values concentrate, are in the vicinity of black, the strength Kwc may further be reduced. .C 

In sequence 6 "hlstwr" at step 2 of the operation of the sequencer shown in Fig. 16. each histogram value read 
from the RAI^ 224 is stored in the register of a histogram data report circuit (not shown). Then, in this circuit, the 
histogram values thus successively stored are compared with each other, and the data of the luminance regions cor- 
responding to, e.g.. the four greatest histogram values are obtained. Thereafter, the data of the luminance regions 
^ corresponding to such four greatest histogram values are outputted from the report circuit to the microcomputer 1 25, 
In the case of a good lighting condition, the luminance peak hokJing operation is necessary, as described with 
reference to Fig. 10(f). The level A for keeping the luminance signal fixed needs to be designated. Although not men- 
tioned above, it is preferred that an automatic iris control value be assigned to the level A. An automatic iris control 
value signifies the brightness extracted from one picture and representing the relevant picture, and the iris is so actuated 
that such brightness becomes equal to a preset value. By the use of this automatic iris control value for designating 
the level A, the desired luminance level in the automatic iris system can be reproduced completely with the process 
of the histogram equalization. 

It has been described that, in the first embodiment, the amplitude transfer characteristic for executing the adaptive 
gradation conversion with the histogram equalization is produced on the basis of the cumulative frequency distributk5n 
ss (histogram table) detected during the video period of the preceding field. However, rt is a matter of choice that such 
characteristk: may also be produced on the basis of the cumulative frequency distribution detected during the video 
periods of several previous fiekls. 

Having described specific preferred embodiments of the invention with reference to the accompanying drawings. 
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it is to be undsrslood that the invention is not limited to those precise embodiments, and that various changes and 
modifications may be effected therein by one skilled in the art without departing from the scope or the spirit of the 
invention as defined in the appended claims. 

5 

Claims 

1. A video camera for generating a color video signal which includes hue and saturation components, said video 
camera comprising: 

10 

generator means for generating input three primary color signals having respective levels and representing 
the color video signal; and 

saturation converter means for adjusting a maximum level of at least one input primary color signal to sub- 
stantially coincide with a predetermined threshold level without affecting the hue component and the luminance 
IS level when the o^imum level of said one input primary color signal exceeds the predetermined threshold level. 

2. A video signal processor for processing a color video signal which includes 

hue and saturation components, said video signal processor comprising: 

20 generator means lor generating input three primary color signals having respective levels and representing 

the color video signal; and 

saturation converter means lor adjusting a maximum level of at least one input primary color signal to sub- 
stantially coincide with a predetermined threshold level without affecting the hue component and the luminance 
level when the maximum level of said one input primary color signal exceeds the predetermined threshold level. 

25 

3. A video camera for generating a color video signal which includes hue and saturation components, said video 
camera comprising: 

generator means for generating input three primary color signals having respective levels and representing 
^ the color video signal; 

luminance converter means for generating compressed three primary color signals by compressing the re- 
spective levels ot the input three primary color signals using one compression rate without affecting the hue 
and saturation components; and 

saturation converter means for adjusting a maximum level detected from the compressed three primary color 
35 signals when the detected maximum level exceeds a first predetermined threshold level, wherein the detected 

maximum level is adjusted to substantially coincide with the first predetermined threshold level without affecting 
the hue component and the luminance level. 

4. The apparatus according to claim 3, wherein the three respective levels are compressed when the luminance level 
"fo exceeds a second predetermined threshold level. 

5. The apparatus according to claim 4, wherein said first predetermined threshold level is selected to be higher than 
said second predetemnined threshold level. 

^ 6. The apparatus according to claim 3, wherein said luminance converter means is knee correction means for pro- 
viding a knee characteristic operative on the color video signal 

7. The apparatus according to claim 6, wherein said first predetemnined threshold level is selected to be higher than 
a maximum signal level established in accordance with a color television standard. 

50 

8. The apparatus according to claim 3, further comprising gamma correction means for performing gamma correctbn 
on the compressed three prinnary cok>r signals following the compression and adjustment by said luminance con- 
verter means and saturation, converter means, respectively. 

ss 9. The apparatus according to claim B, further comprising matrix means for generating the luminance signal and color 
difference signals based on the compressed three primary cok>r signals that have been processed by said garrvna 
correction means. 
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10. The apparatus according to claim 3. further comprising input luminance level detector means for detecting the 
luminance level of the color video signal represented by the Input three primary color signals; and compression 
rate detector means for detecting the compression rate from the detected luminance level. 

s 11. The apparatus according to claim 10. further comprising compressed luminance level detector means for detecting 
the luminance level of the color video signal represented by the compressed three primary color signals; and level 
control value detector means for determining, based on the detected compressed luminance level, a level control 
value such that the maximum level of the compressed three primary color signals Is adjusted by said saturation 
converter means to substantially coincide with the first predetermined threshold level, said saturation coriverter 

10 means adjusting the respective levels of the remaining compressed primary color signals as a function of the level 

control value. 

12. The apparatus according to claim 3, further comprising compressed luminance level detector means for detecting 
the luminance level of the color video signal represented by the compressed three primary color signals; and level 

IS control value detector means for determining, based on the detected compressed luminance level, a level control 

value such that the maximum level of the compressed three primary color signals is adjusted by said saturation 
converter means to substantially coincide with the first predetermined threshold level, said saturation converter 
means adjusting the respective levels of the remaining compressed primary color signals as a function of the level 
control value. 

20 

13. The apparatus according to claim 3, further comprising saturation conversion rate detector means for detecting a 
saturation conversion rate used in adjusting the saturation component of the color video signal represented by the 
compressed three primary color signals such that the maximum level of at least one compressed primary color 
signal substantially coincides with the first predetermined threshold level, said saturation converter means adjust- 

zs ing the respective levels of the remaining compressed primary color signals using the detected saturation conver- 

sion rate. 

14. The apparatus according to claim 3. further comprising saturation conversion rate detector means for detecting 
the saturation conversion rate used in adjusting the saturation component of the color video signal represented 

30 by the compressed three primary color signals such that the maximum level of at least one compressed primary 

color signal substantially coincides with the first predetermined threshold level; and saturation conversion rate 
input means for supplying a user selectable saturation conversion rate; wherein said saturation converter means 
adjusts the respective levels of the compressed three primary color signals using the lowest rate selected from 
the detected saturation conversion rate or the user selectable saturation conversion rate. 

^SWA video signal processor for processing a color video signal which includes 
^ hue and saturation components, said video signal processor comprising: 

generator means for generating input three primary color signals having respective levels and representing 
^ the color video signal; 

luminance converter means for generating compressed three primary color signals by compressing the re- 
spective levels of the input three primary color signals using one compression rate without affecting the hue 
and saturation components: and 

saturation converter means for adjusting a maximum level detected from the compressed three primary color 
signals when the detected maximum level exceeds a first predetermined threshold level, wherein the detected 
maximum level is adjusted to substantially coincide with the first predetermined threshold level without affecting 
the hue component and the luminance level. 

16. The apparatus according to claim 15, wherein the three respective levels are compressed when the luminance 
so level exceeds a second predetermined threshold level. 

17. The apparatus according to claim 16. wherein said first predetermined threshold level is selected to be higher than 
said second predetermined threshold level. 

ss 18. The apparatus according to claim 15, wherein said luminance converter means is kned correction means for pro- 
viding a knee characteristic operative on the color vkJeo signal. 

19. The apparatus according to claim 16, wherein said first predetermined threshold level is selected to be higher than 
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a maximum signal level established in accordance with a color television standard. 

20. The apparatus according to claim 1 5. further comprising ganrvna correction means for performing gamma correction 
on the compressed three primary color signals following the compression and adjustment by said luminance con- 

5 verter means and saturation converter means, respectively- 

21. The apparatus according to claim 20, further comprising matrix means for generating the luminance signal and 
color difference signals from the compressed three primary color signals that have been processed by said gamma 
correction means. 

10 

22. The apparatus according to claim 15. further comprising input luminance level detector means for detecting the 
luminance level of the color video signal represented by the input three primary color signals; and compression 
rate detector means for detecting the compression rate from the detected luminance level. 

IS 23. The apparatus according to claim 22. further comprising compressed luminance level detector means for detecting 
the luminance level of the color video signal represented by the compressed three primary color signals; and level 
control value, detector means for determining, based on the detected compressed luminance level, a level control 
value such that the maximum level of the compressed three primary color signals is adjusted by said saturation 
converter means to substantially coincide with the first predetermined threshold level, said saturation converter 

20 means adjusting the respective levels of the remaining compressed primary color signals as a function of the level 

control value. 

J^^The apparatus according to claim 1 5. further comprising compressed luminance level detector means for detecting 
the luminance level of the color video signal represented by the compressed three primary color signals; and level 
zs control value detector means for determining, based on the detected compressed luminance level, a level control 

value such that the maximum level of the compressed three primary color signals is adjusted by said saturation 
converter means to substantially coincide with the first predetermined threshold level, said saturation converter 
means adjusting the respective levels of the remaining compressed primary color signals as a function of the level 
control value. 

30 

^2Sy^he apparatus according to claim 15, further comprising saturation conversion rate detector means for detecting 
a saturation conversion rate used in adjusting the saturation component of the color video signal represented by 
the compfessed three primary color signals such that the maximum level of at least one compressed primary color 
signal substantially coincides with the first predetermined threshold level, said saturation converter means adjust- 
35 ing the respective levels of the remaining compressed primary color signals using the detected saturation conver- 

sion rate. . 

26. The apparatus according to claim 15. further comprising saturation conversion rate detector means for detecting 
the saturation conversion rate used in adjusting the saturation component of the color video signal represented 

^ by the compressed three primary color signals such that the maximum level of at least one compressed primary 

color signal substantially coincides with the first predetermined threshold level; and saturation conversion rate 
input means for supplying a user selectable saturation conversion rate; wherein said saturation converter means 
adjusts the respective levels of the compressed three primary color signals using the lowest rate selected from 
the detected saturation conversion rate or the user selectable saturation conversion rate. 

45 

27. A video camera for generating a color video signal which Includes hue and saturation components: said video 
camera comprising: 

generator means for generating input three primary color signals having respective levels and representing 
so tine color video signal; 

luminance converter means for generating gradation converted three primary color signals by gradation con- 
verting the respective levels of the input three primary color signals using one gradation conversion rata without 
affecting the hue and saturation components; and 

saturation converter means for adjusting a maximum level detected from the gradation converted three primary 
ss color signals when the detected maximum level exceeds a first predetermined threshold level, wherein the 

detected maximum level is adjusted to substantially coincide with the first predetermined threshold level without 
affecting the hue component and the luminance level. 
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28. The apparatus according to claim 27. wherein the three respective levels are gradation converted when the tumi- 
nance level exceeds a second predetermined threshold level. 

2d. The apparatus according to claim 28. wherein said first predetermined threshold level is selected to be higher than 
6 said second predetermined threshold level. 

30. The apparatus according to claim 27^ wherein said luminance converter means Is knee correction means lor pro- 
viding a knee characteristic operative on the color video signal. 

10 31 . The apparatus according to claim 30. wherein said first predetermined threshold level is selected to be higher than 
a maximum signal level established in accordance with a color television standard. 

32. The apparatus according to claim 27. further comprising gamma correction means for perlorming gamma correctran 
on the gradation converted three primary color signals following the gradation conversion and adjustment by said 

IS luminance converter means and saturation converter means, respectively. 

33. The apparatus according to claim 32. further comprising matrix means for generating the luminance signal and 
color difference signals based on the gradation converted three primary color signals that have been processed 
by said gamma correction means, 

20 

34. The apparatus according to claim 27. further comprising input luminance level detector means for delecting the 
luminance level of the color video signal represented by the input three primary color signals; and gradation con- 
version rate detector means for detecting the gradat»n conversion rate from the detected luminance level. 

2S 35. The apparatus according to claim 34, further comprising gradation conversion luminance level detector means for 
detecting the luminance level of the cok>r video signal represented by the gradation converted three primary color 
signals; and level control value detector means for determining, based on the detected gradation converted lumi- 
nance level, a level control value such that the maximum level of the gradation converted three primary color 
signals is adjusted by said saturation converter means to substantially coincide with the first predetermined thresh- 

30 old level, said saturation converter means adjusting the respective levels of the remaining gradation converted 

primary color signals as a function of the level control value. 

36. The apparatus according to claim 27, further comprising gradation conversion luminance level detector means for 
detecting the luminance level of the cok>r video signal represented by the gradation converted three primary color 

35 signals; and level control value detector means for determining^ based on the detected gradation converted lumi- 

nance level, a level control value such that the maximum level of the gradation converted three primary color 
signals is adjusted by said saturation converter means to substantially coincide with the first predetermined thresh- 
old level, said saturation converter means adjusting the respective levels of the remaining gradation converted 
primary color signals as a function of the level control value. 

40 

37. The apparatus according to claim 27. further comprising saturation conversion rate detector means for detecting 
a saturation conversion rate used in adjusting the saturation component of the color video signal represented by 
the gradatk3n converted three primary cofc>r signals such that the maximum level of at least one gradation converted 
primary color signal substantially coincides with the first predetermined threshold level, said saturation converter 

45 means adjusting the respective levels of the rermining gradation converted primary coksr signals using the detected 

saturation. conversion rate. 

38. The apparatus according to claim 27, further comprising saturation conversion rate detector means for detecting 
the saturation converson rate used in adjusting the saturation component of the color video signal represented 

so by the gradation converted three primary color signals such that the maximum level of at least one gradation 

converted primary color signal substantially coincides with the first predetermined threshold level; and saturatbn 
conversk>n rate Input means for supplying a user selectable saturation conversion rata; wherein said saturatksn 
converter means adjusts the respective levels of the gradation, converted three primary cobr signals using the 
lowest rate selected from the detected saturation conversion rate or the user selectable saturation conversion rate. 

55 

39. A video signal processor for processing a color video signal which includes 

hue and saturation components, said video signal processor comprising: 
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generator means for generating input three primary color signals having respective levels and representing 
the color video signal; 

luminance converter means for generating gradation converted three primary color signals by gradation con- 
verting the respective levels of the input three primary color signals using one gradation conversion rate without 
s affecting the flue and saturation components; and 

saturation converter means for adjusting a maximum level detected from the gradation converted three primary 
color signals when the detected maximum level exceeds a first predetermined threshold level, wherein the 
detected maximum level is adjusted to substantially coincide with the first predetermined threshold level without 
affecting the hue component and the luminance level. 

10 

40. The apparatus according to claim 39. wherein the three respective levels are gradation converted when the lumi- . 
nance level exceeds a second predetenmined threshold level. 

41 . The apparatus according to claim 40. wherein said first predetermined threshold level is selected to be higher than 
IS said second predetermined threshold level. 

42. The apparatus according to claim 39, wherein said luminance converter means is knee correction means tor pro- 
viding a knee characteristic operative on the color video signal. 

The apparatus according to claim 42. wherein said first predetermined threshold level is selected to be higher than 
a maximum signal level established in accordance with a color television standard. 

The apparatus according to claim 39. further comprising gamma correction means for performing gamma correction 
on the gradation converted three primary color signals following the gradation conversion and adjustment by said 
luminance converter means and saturation converter means, respectively. 

The apparatus according to claim 44, further comprising matrix means for generating the luminance signal and 
color difference signals from the gradation converted three primary color signals that have been processed by said 
gamma correction means. 

The apparatus according to claim 39, further comprising input luminance level detector means for detecting the 
luminance level of the color video signal represented by the input three primary color signals; and gradation con- 
version rate detector means for detecting the gradation conversion rate from the detected luminance level. 

The apparatus according to claim 46, further comprising gradation converted luminance level detector means for 
detecting the luminance level of the cotor video signal represented by the gradation converted three primary color 
signally and level control value detector means for determining, based on the detected gradation converted lumi- 
nance level, a level control value such that the maximum level of the gradation converted three primary color 
signals is adjusted by said saturation converter means to substantially coincide with the first predetermined thresh- 
old level, said saturation converter means adjusting the respective levels of the remaining gradation converted 
primary cotor signals as a function of the level control value. 

the apparatus according to claim 39, further comprising gradation converted luminance level detector means for 
detecting the luminance level of the cotor video signal represented by the gradation converted three primary color 
signals; and level control value detector means for determining, based on the detected gradation converted lumi- 
nance level, a level control value such that the maximum level of the gradation converted three primary color 
signals is adjusted by said saturation converter means to substantially coincide with the first predetermined thresh- 
old level, said saturation converter means adjusting the respective levels of the remaining gradation converted 
primary color signals as a function of the level control value. 

The apparatus according to claim 39» further comprising saturation conversion rate detector mear^s for detecting 
a saturation conversion rats used in adjusting the saturation component of the color video signal represented by 
the gradation converted three primary color signals such that the nnaximum level of at least one gradation converted 
primary color signal substantially coincides with the first predetermined threshold level, said saturation converter 
means adjusting the respective levels of the remaining gradation converted prirr\ary cok^r signals using the detected 
saturation conversion rate. 

The apparatus according to claim 39. further comprising saturation conversion rats detector means for detecting 
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the saturation conversion rate used In adjusting the saturation component of the color video signal represented 
by the gradation converted three primary color signals such that the maximum, level of at least one gradation 
converted primary color signal substantially coincides with the first predetermined threshold level, and saturation 
conversion rate input means for supplying a user selectable saturation conversion rate; wherein said saturation 
converter means adjusts the respective levels of the gradation converted three primary color signals using the 
lowest rate selected from the detected saturation conversion rate or the user selectable saturation conversion rate. 

ji 

51 . A method of compressing a level of a color video signal which Includes hue and saturation components, the color 
video signal being represented by three primary color signals having respective levels, sard method comprising 
the steps of: 

compressing the respective levels of the three primary color signals using one compression rate to generate 
compressed three primary color signals without affecting the hue and saturation components; and 
adjusting a maximum level of at least one compressed primary color signal to substantially coincide with a 
predetermined threshold level without affecting the hue component and the luminance level when the maximum 
level of said one compressed primary color signal exceeds the predetermined threshold level. 

52. A method of converting gradations of a color video signal which includes 

hue and saturation components, the color video signal being represented by three primary color signals, said 
method comprising the steps of: 

converting the gradations of the three primary color signals using one compression rale to generate gradation 
converted three primary color signals without affecting the hue and saturation components; £uid 
adjusting a maximum level of at least one gradation converted primary color signal to substantially coincide 
with a predetermined threshold level without affecting the hue component and the luminance level when the 
maximum level of said one gradation converted primary color signal exceeds the predetermined threshold 
level. 

53. A video camera for generating an output video signal by converting gradations of an input video signal, comprising: 

cumulative frequency distribution detector means for delecting a cumulative frequency distribution of the input 
video signal; 

first conversion data generator means tor generating first conversion data for converting a level of the input 
video signal to a level of the output video signal based on the cumulative frequency distribution; 
second conversion data generator means for generating second conversion data by adjusting the first con- 
version data, wherein the second conversion data is obtained by making the output video signal level, con- 
verted with the first conversion data, substantially equal to the input video signal level; and 
level converter means for converting the input video signal level to the output video signal level using the 
second conversion data. 

54. The apparatus according to claim 53, wherein the output video signal comprises high luminance components, and 
further comprising high luminance compression means for compressing the high luminance components outputted 
from said level converter means. 

55. The apparatus according to claim 53. wherein the input video signal includes at least first and second video portions 
and a vertical blanking interval, and wherein the cumulative frequency distribution is detected during the first vkieo 
portion, and the first and second converston data are generated during the vertical blanking inten/al based on the 
cumulative frequency distribution detected during the second video portion preceding the first video portion. 

56. The apparatus according to claim 53, wherein the input video signal includes a plurality of video portions and at 
least one vertical blanking inten/al; and wherein the first and second conversk)n data are generated during the 
vertical blanking interval based on a plurality of cumulative frequency distributons detected during the plurality of 
video portk>n8. 

57. A vkleo signal processor for processing a video signal by converting gradations of an input video signal to obtain 
an output video signal, comprising: 

cumulative frequency dlslributton detector means for detecting a cumulative frequency distributkxi of the input 
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video signal; 

first conversion data generator means for generating first conversion data for converting a level of the input 
video signal to a level of the output video signal based on the cumulative frequency distribution; 
second conversion data generator means tor generating second conversion data by adjusting the first con- 
version data, wherein the second conversion data is obtained by making the output video signal level, con- 
verted with the first conversion data, substantially equal to the input video signal level; and 
level converter means for converting the input video signal level to the output video signal level using the 
second conversion data. - 

58. The apparatus according to claim 57. wherein the output video signal comprises high luminance components, and 
further comprising high luminance compression means for compressing the high luminance components outputted 
from said level converter means. 

59. The apparatus according to claim 57, wherein the Input video signal includes at least first and second video portions 
and a vertical blanking interval; and wherein the cumulative frequency distribution is detected during the first vkJeo 
portion, and the first and second conversion data are generated during the vertical blanking interval based on the 
cumulative frequency distribution detected during the second video portion preceding the first video portion. 

GO. The apparatus according to claim 57, v^erein the input video signal includes a plurality of video portions and at 
least one vertical blanking interval; and wherein the first and second conversion data are generated during the 
vertical blanking interval based on a plurality of cumulative frequency distributksns detected during the plurality of 
video portk>ns. 

61. A video camera for generating an output video signal by converting gradations of an input video signal which 
includes a high data occurrence period and a low data occurrence period, comprising: 

detector means for detecting signal level distribution data of an input video signal during the high data occur- 
rence period, and for detecting conversion data for converting a gradation of the input video signal during the 
low data occurrence period based on the signal level distribution data; 
control means for controlling said detector means in accordance with the input video signal; 
memory means for storing at least the signal level distribution data and conversion data; and 
gradation converter means for converting the gradation of the input video signal based on the conversion data. 

62. The apparatus according to claim 61, v^erein said control rneans enables said detector means to detect the 
conversion data in response to the signal level distribution data being stored in said memory means. 

63. The apparatus according to claim 62. wherein the conversion data is operative to inhibit the gradation conversion 
with respect to a predetermined level of the input video signal. 

64. The apparatus according to claim 62. wherein the input vkJeo signal includes a black code, and the conversbn 
data is operative to inhibit the gradation conversion with respect to the black code. 

65. A video signal processor for processing a video signal by converting gradations of an input video signal, which 
includes a high data occurrence perk>d and a low data occurrence period, to obtain an output video signal^ com- 



detector means for detecting signal level distributk>n data of an input video signal during the high data occur- 
rence period, and for detecting conversion data for converting a gradation of the input video signal during the . 
low data occurrence period based on the signal level distribution data; 
control means for controlling said detector mearis tn accordance with the input video sigr^l; 
memory means for storing at least the signal level distribution data and conversbn data; and 
gradation converter means for converting the gradation of the input video signal based on the conversion data. 

66. The apparatus according to claim 65, wherein said control means enables said detector means to detect the 
conversksn data in response to the signal level distribution data being stored in said memory means. 

67. The apparatus according to claim 66, wherein the conversion data is operative to inhibit the gradation conversion 
with respect to a predetermined level of the input video signal. 
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68. The apparatus according to claim 66, wherein the input video signal Includes a black code, and the conversion 
data is operative to Inhibit the gradation conversion with respect to the black code. 

69. A method of converting gradations of an input video signal, which Includes a high data occurrence period and a 
s low data occurrence period, to obtain an output video signal, comprising the steps of: 

detecting a cumulative frequency distribution of the Input video^signal; 

generating first conversion data for converting a level of the input video signal to a level of the output video 
signal based on the cumulative frequency distribution; 
10 generating second conversion data by adjusting the first conversion data, wherein the second conversion data 

is obtained by making the output video signal level, converted with the first conversk)n data, substantially equal 
to the input video signal level; and 

converting the input video signal level to the output video signal level using the second conversion data. 
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